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( One Dimensional Free Movement ) 



Robert Nazaryan 
Haik Nazaryan 



Abstract 



By using the principle of relativity (first postulate), together with new defined nature of the universal speed (our 
second postulate) and homogeneity of time-space (our third postulate), we derive the most general transformation 
equation of relativity in one dimensional space. According to our new second postulate, the universal (not limited) 
speed c in Armenian Theory of Special Relativity is not the actual speed of light but it is the speed of time which is the 
same in all inertial systems. Our third postulate: the homogeneity of time-space is necessary to furnish linear 
transformation equations. We also state that there is no need to postulate the isotropy of space. Our article-book is 
the accumulation of all efforts from physicists to fix the Lorentz transformation equations and build correct and more 
general transformation equations of relativity which obey the rules of logic and fundamental group laws, without 
internal philosophical and physical inconsistencies. 
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\jiu|niupiuG 

bpb qnip pjfiuin giuGbmpjmG mGbp rfhqwqphim fiG^ np rfhljpG, 
luuiw ifft dbquiqphp dbq, uiji GbqiuqpwGp Uuipqiughp iSuipbGuiin[iUuij[iG: 
IfhGp Gpui [unuGuibGbpG GGp dpuijG: 

«U]iui£uiifi Q-njhpp. ^lupuiphpuiqiuG CuipchSuiG ShunipjniG - Uquiin OuipdniiJ» hnrpjuidp huiGrjpuuiGniiS t iShp hpiSGuipuip 
«4,uijlpulp-uG ShunipjniG» uyJuuunnipjuiG iSpiujG iShl] hGpuapuidpGp: Uju GGpuipiudpCp umuiGdGuigGhpiil hpiSGuil)uaG 
ui2tuuiuinLpjnLGpg h ijhpuijuu'puiqphpiq' npiqhu uinuiGdhG JiGpGnipnijG hnqquifr, iShGp GGJqiniiS hGp uijG iShp Cn^Jifi 
uiquiinuiqpiSuiG 20 unSjuiqpG: 

Uju hnqi|ui&niiS, npiqhu Gnp hhquufinJuuilpuG uninhgmiS, tfhGp GhplpujiugGniu' hGp lJpui^iuip ;ppqp4UilpuG unupuiiniipjuiG 
lihg huipuiphpualpuG 2uipduuiG 6LuiipnJunipjuiG huiihiiuuipniu'Ghpli uipuiuicnJuiG <iujlpulp-uG inuipphpuilip: <uijlpulpuG 
huipuiphpuilpuGnipjuiG huiuinil[ uihumpjiuG IpumiigiSuiG huuJuip lJhGp qhquiquipiltq hGp ilfiuijQ uiiShGuipGqhuiGnip 
uipiuiiiupuiGiul|uiG iJuiuifrnqnipjuiiSp h iSmphtfuiinhliiulpuG huiulpugnqnipjniGGhpnq\ uinuiGg uuihiJuaGuiqiuilpSuiG: 

Uju hnqqui&niiS iShGp qinpdtq hGp huitiuiJuiSptq h niqqnpqtq pnpip uijG qfnnGuiliiuGGhpp. guiGphpp h piiihiiqnijG 
uipqjniGpGhpp, npnGp unin huipjmp uuupji, uiiupphp (JuiGuiiquiphGhpnil, ihnpdtq hG pnpuuhtq tihq iquipinuiqpi|ui& qhqfr 
qhinuilpiiG ua2juuiphiuhiujuigpp:[l], [2], [3], [4], [6] 

Up. Ipuphnp huiGquiuuiGp Uu' ^uijlpulpuG ShunipjuiG uipuihhinni[ 2uipdi[hpiL hunSiup uiGhpiudh2in t np iShGp ljinUJiG 
pnpuiihhGp lJhp qliuiuilignipjniGp fuhqnq quiquyuiiqliljp h niGhGuiGp pmpnjiulpuuuijliG hhinhjuq hphp huunlpiipjniGGhpp: 
UhGp iquipunui|np hGp iJiGtq Upji, iquipinuiUnp hGp ijiGtq UqChq 1 h qMqiguuqhu uiGhpuidh2in t np iShGp tfiGhGp UGbhqiJ: 

Uju hnqqui&niiS iShGp uijGpuiG huiGquiuuiGnphG hGp 2uipuiqptq ^uijlpulpuG huipuiphpuilpuGnipjuiG hiuuinLlj uihumpjiuG 
Gnp qiuqiuihiupGhpp h iSuiGpuiiSuiuG uqiuiuifrtq pnpip puiGuidhhpp, np uijG unltqji Tyam quiuuiqjipp t puiG ph qhinuiquiG 
hnqi|ui&: IThGp guiGlpuglq hGp uinuiU_bp_uqnijGu qjnipuigGtq puiGuidUhpp. uipunuihiiu'p, npiqhuqh pGphpgnqp fip 
ni2iuqpnipjniGp uiiltqp. 2uiui phhnh hfnSGuilpuG qiuqiuifnupGhpli h Gnp uninhgniu'Ghph iqiui: 

Ujuinhq rpiip hhuiGqfnqhp quipiSuiGuihpuy Gnp qiuqiuifnupGhpli h huunlpuiqhu uijGujhufi ^Gua2pauiph[ili puiGuidhhpli, np 
U2juuiphp qhn uihutq: bpiuGJi' dhp ui^phpJiG np qnip umuigfiGG hp piSpn2juGhpii uiju qhGuipuip pnjup: Oqinuiqnp&hp dhp 
nqg hphuiliuijnipjniGp, npiqhuqh ujuunljhpuig Ghp ph p^G^ Gnp qiuqiuifiuapGhpli U qhqhghq piuGuidhhpfi qnip qhuiGqJiuihp, hpp 
lihGp hpiuujuipuil|hGp lJhp «bnui^iui}i Q-njhph ^uijlpuljuiG <iupiuphpuilpuGnipjuiG ^uiuiniq ShunLpjmG» hnqqui&n: 

Uhp hnpqnpG t pGphpgnqGhpfiG, npiqhuqji nnip ^IjpqGhp Guijunpq ^fiqJiqnuGhpli ujuuqp h ^ihnpdhp hiuujCihui Ipunnigh^ 
uiphhuiniulpuG piuGuidhhp hnui^iuih unupiudmpjiuG huuJuip, oquuuqnpfrhpnl lShiu^uufi inuipui&nipjuiG hunSiup iShp uipuuufriui) 
puiGuadhhpp: SpuuJuipiuGnipjuiG ophGpp lujqiqhu ui2fuiuuinLiJ: Tluipquauihu unipnqgnipjuuJp jmpuigphp iuju hnqilm&E ^ 
uujuiuhp iJhp huignpq hpuuqiupiuljnuSGhpliG: I^uq uiGhuuJphp pGphpgnqGhpfi hunSiup (hiuijhp4iu() 2)-miS, huuJhGiujG qhuju, 
iShGp inpunSiuqph^ hGp puu[uilpuG 2uun U lupdbpiuihip puiGiudUhp iJhp huignpq' «<uijlpuliuiG <uipiuphpuilpuGnipjuiG 
UDpiuGJilpujli ShunLpjmG» hnqi[ui&lig: 

4uajl]uilpuG dhiuihnfunLpjiuG huu[uiuuipnnSGhpli i5h§ Gnp GhpiSni&iliuf) qnpdiuqfig Ghpfi hunSiup «s» h «g» 
iniuniuG2iuGGhph pGuipmpjniGp iqiuunuhiuljuiGnLpjiuG lupqjniGp ^t, uijl uijG liuiGJuuu5unui)4ui& piuj[ t: npndhhinU <uijlpul]uiG 
uihumpjiuG ilhg i qnp&uiljfigp pGnipuiqpniiS t dunSiuGuili-inuipui&nipjuiG GhppJiG niqqnpqqm&nipjniGp (spin), Jiulj g 
qnpdiuqjigp qui GnijGiqhu duuJuiGiuljh h uiiupiudnipjiuG hpqpui^iuihnLpjniGp pGnipuiqpnq lShq uij^ iShdnLpjniGG t (metric): 

>4.hpnG2Juq s k ^ qnpfriuqfig Ghpni[ p Gmpiuqpi[nq inuipui&nipjniGp lJhGp uiGi[uiGnLiJ hGp <uijlpuquiG SuapuacmLpjnLG: 

Uju hnq4ui&p inupuqpilhpiig hhuin, iShGp hmju niGhGp, np ^lujuiuunuGfi ujhinmpjuiG hniliuGuu[npnipjuiG 2Gnphfn[ 
hGuipunpip IpJiGli 4,uijiuuinuiGnLiJ hpiuunupiul)h^ «4iujl)uilpuG ShunipjniG» ui2juuiuinipjniGp unSpnqgnipjuuJp, fi ifnunu iJhp 
Upnpq|iGhp|i Shqh h UpnpqJiGhpfi <iujphGhp <uijiuuinuiGfi: ^va IpJiGfi iJhp unShGuuuqqhghl| ujuunuiufuiuGp ^uijng 
ghqiuuupuGnipjniGGhpli ujuuniHipiuuinLGhpfiG, frpuiqpiuqnpnqGhphG, hpiuqnpdnqGhpfiG U luGunupphp U2tuuiphliG: 

kuqinq t Giuh hiupg luniugiuGui^ ph JiG^n"! hGp iShGp iJhp Gnp uiniugui& huipuiphpiuljuiGnLpjiuG huunnil] inhunipjuiG 
dUuuJinlunipjuiG hunpjiuiupnLu'Ghpp qn^niiS - «<uijlpuquiG OUuutinpanipjuiG <uii[uiuuipnLu'Ghp»: TluunuiufuiuGp 2uiui iquipq t: 
Uju qfunuilpuG ui2pauiuinipjniGp qp4h[ t <uijhphG, liuunuipiJhL t <uij qJiuiGuiliuaGfi qnqiShg 1968 piJiuliuiGfig uquui&, npp 
uiuipphp pGqiSJignnSGhpnil uiUh^ t iSnui 40 unupji U qhn 2uipniGuiljq'nnS t: Uju hhuiuiqnuinipjniGp qmui <uajljuil|uiG lJuipfi 
uipquiufipG t h npp phqiJGui^np^tq t UpnpqliGhpfi UppuiquiG 4uajphGhpniiJ' 4iujuiuuuuGniiS: 4,nuihuapuip lJhGp pifnl 
puipnjualjuiG Jipuiq'niGp niGhGp uaju Gnp uapuiuifrijuid dlouqinlunipjiuG huuluiuuipniiJGhpp qn^hpn' huipuiphpualjuiGnLpjuaG 
huauinili inhunipjuiG <uijquaquiG OUuufinJunipjuiG iuuluiuuapnLiJGhp, Jiulj inhunipjniGp' ^uajliuiquiG ^uipuiphpualjuiGnLpjuaG 
<uauinLl[ ShunipjniG: 

khggh' UpnpqJiGhpfi <uijphGhp <uijuiuinuiGp 
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r kuuuiliiuG iJhpiuGhl[iujhg huijinGh t np lSpui^iuip Q-njhpp huipuiphpuilpuG 2uipduiuG q-uiipphjuiG ninjiq U huilpunuipd 
dhuiihnhinipjuiG huiihiiuuipniu'Ghpp mGhG hhinhjuiL inhupp. 



(1 - U)-ni[ inpi|ui& Q-uipXhjuiG dhuiihnhinipjuiG huiihiiuuipniu'Ghplig hhinUrmJ t np duiuuiGuil[p mQp puiguipduili pQmjp h 
Ipuhiihiii} pQhpgpui[ hunJualpupqhpp ppuip QlpuiniSunSp niGhguifr hiupiuphpuilpuQ uipuiqnipjniG[ig h t\ inuipuiduilpuQ 
umuaQgpuipilhppg: UjupGpG duiuiuGuiljp U inuipui&nipjniGp ppuippg uiGlpiifu pQnijpp JbpqpliuiliuiG hphnijpGhp hG: 

Puijg LnphGgh huipuiphpuiliuiGnipjuiG uihunipjniGp puiGnhg duiuiuGuilih pQnijpp uuiupG tihp niGhguifr uiju Ipup&puiguii) 
upuinljhpuigniuGhpp h uiiquignighg, np duiuiuGuilip U inuipui&nipjniGp n^ ph ppuippg uiGlpuJu, inuipphp pQnijpp ^bfiqlilluiliuiG 
hphnijpGhp hQ, uijupiuiGp 2uirilpuup[uJ& hQ ppuip hhin h huiGnhuuiGniu hQ uhh, ^hqhlpiilpuG hphnijpp inuipphp qnqiJhpp: 
•ihuihuipuip dunSuiQiulip ^niGfi puiguipduili pQmjp h duiuuiGuiliuiuiuipuifrnipjuiG dhuiihnhinipjuiG huiihiiuuipniuGhpp i5h§ 
duniuiQuilip Ipuhiihiii} ujhinp t lhGh Guih inuipui&uilpuG uinuiGgpuipilpg, pG^iuhu Quih uijG Ipiihiihiii} ujhinp t lhGh hplini 
pGhpgpuiL huiu'uiliuipqhpp huipuiphpuilpiiG uipuiqmpjniGpg: 

Uju hniphii&niu u hGp IphnpdhGp iSJi puiGp puij^ uinuig uaQgGh^ LnphQgp huipuiphpuiliuiGnipjuiG inhunipjniQfig h 
lluipuiuifrhGp huipuiphpuiliuiGnipjuiG hunnnih, uihunipjuiG <uijh.ualiuiG dhuiihnhinipjuiG huiihiiuuipniuGhpp* uiuhGuifi2qpliui 
huiihiiuuipnLu'Ghpp, upui^uiip ;ppqpliuil[uiG inuipui&nipjuiG hunSuip, r[hl[iuihiipi[hpiil uhuijG uipuiuiupuiGnipjuiG ophGpQhpni[: 

•nLujIiuiI[uiG huipuiphpuiliuiGnipjuiG hunnnih, uihunipjuiG dhuiihnhinipjuiG uuJhGiuo^qppui huiihiiuuipnLu'Ghpp uipinui&hpii 
hunSuip uhGp oquulhpii hQp huipuiphpuiliuiG 2uipduuiQ tihp hhinhjuiL hphp hhiJGuinpnijpQhppg. 

1 . PGmpjiuG bpbnijpGbpp b ^pqplpujli opbGpGbpp pnpip pGbpgpui[ hiudiubuipqbpmd ppuip huiduipdbp bG, 
wjufiGpG mjq bpbnijpGbpp b opbGpGbpp Glpupuiqpdmd bG dpbGmjG duipbduiwpbuibuiG fimGbgpiuGbpm/: 

2. Pnpip pGbpgpuii hiudiubuipqbpmd, iuG2iupd Q-njbpp hiudiup, duiduiGiubp 2uipdi[md t 
dpbGmjG mpbqbpiubwG hiuuuiuiuimG mpiuqnipjuidp, npp L dbGp bG^iuGwbbGp c miunnd: 

3. Pnpip pGbpgpuii huiduilpupqbpmd duiduiGiubp L uiuipuiimipjmGp huiduiubn bG (huimmb uibumpjmG): 



^uijlpulpuG huipuiphpuiliuiQnipjuiG inhunipjuiG (1 - P)-ni[ inpihii& hhu'GuinpnijpGhpp 2uun ^hG uiuipphpi[niu uu|uiGnuil|uiG 
LnphGgjuiG huipuiphpuiliuiGnipjuiG uihunipjuiG hhuGuiqpnijpGhp|ig: ^uijlpuliuiG <uipuiphpuiliuiGnipjuiG ShunipjuiG uinuigJiG 
hhuGuiqpnijpp hunJuipjui huuSpGl|GniiJ t LnphGgh huipuiphpuiliuiGnipjuiG uihunipjuiG uinuigfiG hfnJGuinpnijpp hhui, puijg iJhp 
hph,pnpri hfniGuinpmjpp pnpipnilliG Gnp uhh,GuipuiGnipjniG t uiuiijiu ph hG^ JplioJilpuliuiG puuiuui niGJi uiJihqhpuiliuiG c 
uipuiqnipjniGn: 

f> uiuipphpnipjniG LnphGgh huipuiphpuiliuiGnipjuiG uihunipjuiG, npp piLjufi uiuipuidiJuiG hphnijpp h piijup 2uipdiJuiG 
uipuiqnipjniGp puipdpuigph^ t Ijmnpli uiuuip(JuiGli[2], [4], uhGp huijinuipuipniu hGp, np uijij inJihqhpuiliuiG huiuinuiinniG 
uipuiqnipjniGp n^ up Ijuiuj ynGp pnjufi uiuipuidiJuiG uipuiqnipjuiG hhin, uiji uijG u]uipquiu[hu duiiJuiGuil]h 2uipduuiG 
uipuiqnLpjniGG t Sfihqhppniu h npp mQp GmjG uipdhpp pnpip pGhpgpuii^ huiuuilpupqhpniu: hul] lJjniu uuipiSfiGGhpp liuipnij hG 
2iupdilh[ uijq uiphqhpuil|uiG uipuiqmpjniGlig pG^iuhu ijuiGriuiri GmjGujhu h uipuiq, quihii[ui& duuJuiGuiliuiinuipui&nipjuiG 
hph,pui^uii[iuil|uiG Ijuinmgiluidppg: Puigp ripuiGJig lJhhp uijij infihqhpuiliuiG huiuinuiinniG uipuiqnipjniGp qn^niu hGp Guih Onpp 
h Uh& ui2juuiphGhpp Jipuip hhin Lpuiunij hqpuijhG uipuiqmpjniG: I^ulj duiuuiGuil|uiuiuipui()uijliG upguiihiijpp hunJuiuhnnipjuiG 
qunjuiijiuipp lJhGp pGnniGhL hGp npiqhu hppnpij hhiJGuiripnLjp huipuiphpuiliuiGnipjuiG huiuinili uihunipjuiG IjuinniguuiG huuJuip, 
npji uiGhpuidh2uinipjniGp lp[hpuiGui huipuiphpuiliuiGnipjuiG pGnhuiGnip uihunipjuiG uuihn&uuiG duuJuiGuili: 

GQn.q&nii5 1-1 - Ubp (1 - P )-/?(/ inpdmd IifiifGiuijpmjpGbpfi lihp ^bm inmpmdmpjmG hmdmniqijnprjULudmpjwG 
iuGhpuidb2inmpjniG iSuiujiG npbt iqGipiiri[l], [3]/ UhGp wnlpujubi bGp uijG, npni[hbinb pGbpgfiui[ hiuiSuibuipqbpp, 
luiShGuipGrphiuGmp ljbiqpmil, hiupnii bG mGbGw[ GbpppG qbpujiquiwdb[fi mijijmpjmG b npp Ipupnq 1 2iuui hiuphnp qbp 
Ipuuiiuphi huipuiphpiubuiG 2uipdiSuiG dbuidmpjiiipjuiG hwdwuiupmiSGbpfi dbg: Uju i/iwumfi uinbuijmpjmGp [uii/uiqmjGu 
gmgiuiipdmd t bnui^wifi muipuidmpjuiG dbg: 



flinjitj dhuiihnhinipjniGGhp 



4,uiliiunuipd dhuiihnhinipjniGGhp 




h 




1 
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Puigji (1 - P)-ni[ uipihud hphp hJiuGuinpnijpGhppg, huiGniG upupqmpjiuG, uhGp pGnniGniu hGp GuiU np pnpip JiGhpgJiuq 
huiuuilpupqhpp iqtunp t puuhupuqihG uqqpGuilpuG i[p(Suil|p hhinhjuq upujuuiGhG: 

bpp t = t' = t" =...= 

Uupu pnpip pGhpg/iiui huidwhwpqbpp uuqpGwl]bmbpp hwiSpGUGmiS bG ppuip hbm mwpwdmpjwG bbinnid: 

Ujdu oqini[tipii[ (1 - PJ-nq 1 inpihud hphp hJiuGuiqpnijpGhpfig U (1 - Q-)-ni| uipijuid uqqpGuilpuG i[|i(Suil|p upujuuiG|ig 
uipuiuidhGp -iuijquilpuG huipuiphpuiquiGnipjuiG huiuimq mhumpjuiG uuShGujpGnhuiGmp dUunfinlunipjuiG huuluiuuipmuGhpp: 

1-pui huuhup hGpuinphGp np niGhGp hpqm IpuuuijuiquiG K' U K fiGhpgfiuq huiuuiquipqhp, npuihq K' pGhpgpuq 
huiuuilpupqp K fiGhpgfiuq huiiJiulpupqp qpuiquiG x uinuiGgpp nuppiipjuuSp 2uipdifniu t v huiuuiuiuiniG uipuiqnipjuiup, fiul) 
K liGhpgfiuq hiui5iul[ujpqp K' fiGhpgfiuq huiliuiqmpqp Gquiuiuuiup 2uipdifniu t v' huiuinuiuiniG uipuaqnipjiudp: flpinhq, 
uiuhGuipGnhuiGnip qhiqpniu, huiuuiduijG (pGqq&mu 1-1 )-p, uiuipuidnipjniGp huiuuiniqqnpqilui& £t U hhuihuipuip v' 
huilpuquipd huipuiphpuilpuG uipuiqnipjuiG puiguipduil] uh&nipjniGp quipnq t huiifuiuuip £]]iGtq V niqfiq huipuiphpuiquiG 
uipuiqnipjuiG puiguipduiq iShfrmpjuiGp: UjupGpG UiuhGuipGnhuiGnip qhiqpniu tffyui t hhinhjuq iqGnniup. 

Iv'l * Ivl | 1 

Ujuiqpunif hpqm quilIuiJuiquiG K h K fiGhpgfiuq huiuuiquipqhpp uinuiGgpuipifhpp ufigh niqfiq h huilpuquipd 
dhuufinfunipjuiG huiifuiuuipniuGhpp, uiuhGuipGqhuiGnip qhiqpniu IpiiGhGuiG hhuiUjuq IpufuifuifrnipjniGp. 

fliqfiq dhuiipnfunipjniGGhp ^uilpuquipd dhuiipnfunipjniGGhp 

f t' = t'(t,X,v) j t = t(t',x',v') 1 

I x'=x'(t,x,v) I x = x(t',x',v') 



GQn.q&nnJ 1-2 - bpb dbGp oqinilbGp (1 - P)-fi hppnpn, lifidGiunpmjpfig, hmdmdmjG npfi hiupiupbpmlpuGmpjmG hiummb 
mbumpjiuG dbp pnpip [lGbpgpwi hmdmbwpqbpmd duidmGwljP b inmpmdnipjmGp hmiimubn bG, uiu/w hGiupiudnp t 
imipugmghi, np (1 - b)-nd wpdiud hiupiupbpwljiuG jujpdduid wdbGiupGnJiwGnip nin/nj b hwbiuniupd dbuidrnfumpjuiG 
hwdwuuipmdGbpp, pum diudwGwbli b unupwdnipjwG, mGbG qduijJiG l]iupjdwdmpjmG [2], [4], [6].' 



"buifupuiG ilfiui^uiifi qnjbpp dunJiuGuiqiuiniupiu&iujpG dhuufinfunipjuiG huiifuiuuipniuGhpp uipuiui&uuiG uiGgGtqp 
GhplpujuigGhGp pGhpgpuq hiuiSuiquipqhpfi npuilpulpuG mhuiuqGhpp: bpq^iuqiiuGfi diuiiuiGualpuuiiupuidnipjuiG uhg qnjnipjniG 
mGhG hGhpgJiuq hiuuuiliuipqhpp hpqm Jumup 1 uigqiq fiGhpgfiuq hiuuiul|uipqhp h duijiqpq pGhpgpuq huiuuaqiupqhp: Uglpq 
quid duajuqiq fiGhpgfiuq huauuiquipqhpp duiuuiGuaquiuiuipuiduiljuiG huippmpjuiG ilhg u)uimhpiil hpphp ppuip hhui ^hG 
huiupGl|Gp: hhuihuipuip qpiuGp npuiquiujhu inuipphp pGhpgpuq huiuuiquipqhp hG: >J.hpnhli2Juq uigpjlj h duijiqpq pGhpgpuq 
huiuuiljuipqhpji nqg uinuiGdGuihuunqnipjniGGhpp puiluiqmjGu |i huijin IjquiG hnui^uuh ^pqpquiquiG uiuipua&nipjuiG quid 
puinui^uuji duiduiGuiliuiuiuipujdmpjuiG ilh§: Uhui hpq^uiqi duiuuiGuiquiuiuipuidnLpjuiG uhg pGhpgpuq huiuuilquipqhpli 
uinuiGgpGhpfi mqqiJuiifrnpjuiG pnpip hGuipuulnp uiuipphpuiqGhpp h npuiquiljuiG uiuipphpnipjniGGhpp: 



1 . Uupuqwdbm uipifib b uiGgjiunudbm diupJifilj fiGbpg/imi hmdmlpupqbpp mpdmqddiud bG uumpb 




Uuiuiquiiltnii 



( t — -t 

\ X— -X 



3uilu[]iq 



Q-trurqlip 1 



UGgjuinuiihin 



(Q-fruiqfqi 1)-p uhg, uig qnquh uiGgjuquiuhm dui[u]Jili pGhpgpuq huuSuiljujpqp uiuiuihpiil 180°-nil, uijG qhuiupGljGfi duifu 
Ijnqup uiu[Uiquiuhui uagp^q fiGhpgliuq huiuuiquipqp hhui: 4huiUuipuip qpuaGp npiuquuqhu GmjG hG: 
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2. UuiwqmiShin diufuipb L uiGgjuipudbm uigipb [lGbpgfiwi hiuiSiubwpqbpp nipGujqdijuj& hG uumph 



Uuiuiquiiitiui 



( t — +t 
\ X — - -X 



{'--' 

(, x — +x 



am 



UBgjui]UjrIhin 



q.£ruiq]ip 2 t 

(Q-duiqpp 2)-p uig Ipirplp uiGgjuiputftun uigjjili pGhpgpuiL hunSuilpupqp u]uiuihpii[ 180°-nil, uajQ IjhiuiJpQljQp duifu Ipiiplp 
uiupuqunShin &uifuppl[ pQhpgpun huiiJiulpupqp hhin: 4buiUuapuip qpiuGp npiulpmqhu Gmjli hG: 

Ujuiqpunil, dunJuiQiulpuinuipiu&nipjuiQ iShg, tfhGp IpiiGhGuiGp npuilpjiiqhu Jipiupjig uiuippbp U ppuippg luGlpufu hplpii 
JiGhpgfiuiL hmiJuilpupqtip* uiupajqiuilbui uigp^ili JiGhpgfiuiL hunJiuljuipq U uiupuqunJtun duijupplj JiGhpgliiuL hunJiuljuipq, U npnQp 
Ijpfiiuui tfhGp IpjiGiliuGhGp 1 ui§ppl[ U duifiqpli pGbpgpuq hunSiulpupqhp, JiG^uqhu G2i|ui& hG utnnpU. 



Ugpplj p-Ghpgp.iUL himJiulpupq 



Ouifuppli fiQhpgliun hiuiiiulpupq 




UuiuiquiiStiin 



Q-iwiqJip 3 



UupuquiiSfrm 



3uiju[]il| 



f t— * +t 
\ X — -X 



M^ujhu bpLniil t (Q-()uiq|ip 3)-|ig, uig Ipiiplp duifupplj JiGhpgfiuiL huiiJuilpupqp huiGqpuuiGniiS t duifu Ipiiplp 
uigppl[ JiGhpgJiuiL hiutfuilpupqp iniupui&uilpuG huijhpujpG ujGqpuirpupdnuJp: 



"blpmnfi niGbGuipi4 tffiuj^iuifi iniupui&nipjiuG iShg npiulpuu[tiu ppiuppg uiuipphp hplpii pGhpgpuq hunSiulpupqhpJi 
qnjmpjuiG ifiuiuuip, uiGhpiudh2ui t np tfhGp uuihtfiuGhGp rpiuilpoiG U piugiuuuitpuG dLuidpnJunLpjmGGtipp: 

UuiMiuQnuJ 1-1 

♦ O-puil/iuG dbmifinpjmpjmGGbp 

UjG dhmipnpjmpjmGGhpp, npnGp uipiJib JiGhpgJnui hunSuilpupqp pnqGmrf hG uiptfib ]iGbpgfnui huirfuibiupq bun! duipJipb 
fiGbpgfiuii huidwbuipqp pnijGmrf hG duifu/Jib [iGhpg]nui hunSuihwpq, iSbGp biuGUiuGGGp ijpuibuiG dhunjmJumpjmGGhp: 

♦ PuiguiuuibwG dhwUmlumpjmGGbp 

UjG dbiuGmfumpjmGGbpp, npnGp wgiph pGbpgfnui hiuiSwbwpqp quipdGmtS hG duifu[/ih jiGhpg/iiui hunSuihuipq buid dui/u[hh 
fiGbpgJiuii hwdwhiupqp ipupdGmd hG wpphh ftGbpgfnui hunSwbiupq, dbGp bwGGwGbGp puiguiuuibwG dhwifmpjmpjmGGbp: 



CQqq&nnI 1-3 - UJnujuufi Q-njbpp hiupiupbpwbiuG juipdifuiG dhunfinfumpjuiG huiduiuuipmdGbpJj wpinmdiSwG 
pGpiugpmd, ilhGp rffein oqmuiqnp&bpu bGp uiupuquiiShm wpiph jiGhpgfuui hwdwljiupqbp, bpb jfi wuUmrf mji piuG: hub hhum 
iSfiwjG, dbp uwuiguiir dbuiifinfumpjwG huu/uiuuipiudGhpp ifbp, dbGp boquiwqnpdbGp hiujbiwjliG uiGqpmqwpdmiSp (1.8).' 
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1.1 - U]ilu^lulJi Q-njUpJi cfxui5iuQiuliiuuiiu]iiu&iuj]iQ QUiuijinJunipjiuQ 4,iui[iuuiup-nn5Qhpp 



•fiiuGh np iShGp pQrpiiQnuS GGp np duuSuiGuilip U inuqiui&mpjniGp ppuippg uiGlpuJu IppqpqiulpuG GpLmjpGhp ^GG, uiq 
qpuiGp 2uiqlpuupliucr GG ppuqi hGui U huiGqpuuiGniu' GG npiqGu 1SGI1 pQmjpp inuqipGp GnqtiGpp, uuqui huuSuiduijG 
( pGqq&niu' 1-2 )-p, lSpui^uiip Q-njGpp (1 - b)-ni[ inpqui& huqnupGpiulpuG 2UipduuiG uiiSGGuqiGnhuiGnip niqjiq G huilpuquqid 
dLuupnfunipjuiG huiihiiuujpnLU'GGpp iqGinp t piGhG q&uijpG U hhuiUuipiup qpuiGp IpnGhGuiG hhuiGjuq uiGupn. 

fliqhq dUuiipnpjnipjmGGhp <uiqiuquipd dUuiipnpjnipjmGGhp 

f t' =Pi(y)t + p 2 (y)x u f t = p\(y')t' + P' 2 (y')x' 

[ x' = /i(v)x+/ 2 (v)f 1 x = ^'i( v ') x ' + y'^ v 'y 

(1.1- l)-nil uqiipjii) dGuufinJuiSuiG huu]uiuuqiniiSGGpp lJGg pnpip uiGJuuiq G Juuiqnq' qnpduiqfig Ghpp lpuju4m& ^GG 
(JuiiiuiGuil|pg G t\ uiuipuifrnLpjniGhg: lljq qnpduiqpg GGpp Ipujuihiii} GG lipuijG huiiSuiupuinuiuJuuiG v quiiS v' 
huipuipGpualpuG uipuiqnipjniGGGp|ig U hGGg tfGp GiquiinuiqG t npn2G[ uijq uiGhuijin qnp&iuqpgGGpp, pG^iqGu GuiU npr^G^ niqpq 
U huilpuquqid huipuiphpuilpuG uipuiqnipjniGGGpp iSpgG Gquii) Ipuiqp: Puigp qpuiGpg G2GGp GuiU, np (1. 1 - l)-ni[ inpipiid 
dGiuipnJunipjuaG huiq'uiuuipnLiJGGpp iSGg Pi(v), P\(v'), /i(v) U y\(y') qnpduiqpgGGpp ^uiq^nquiqiuGnLpjnLG ^niGGG, p 2 (v) U 
P' 2 {v') qnp&uiqpgGGpp mGGG uipuiqnipjuiG hualpuquipd ^uulinquilpuGnipjniG, puq y 2 (v) U y' 2 {v') qnp&uiqpg GGpp mGGG 
uipuiqnipjuiG ^uulinquilpuGnipjniG: 



GQn.q&nnJ 1-4 - PGwbiuG t bGpwqpbi np, huiduiduijG jujpddiuG huipuiphpiubuiGmpjiuG hpdGuiqpmjpp, (1.1 - l)-nd 
wpi/uid dpiujuiip Q-njbpp hiupiupbpuibiuG ^wpdduiG niqpq dbwipnfunipjwG huiduiuuipnidGbpp pnpip 
qnpdwbpg-$>mGl]gpwGhpp b hiubwqwpd dbwqinlunipjwG huiduiuuipnidGbpp pnpip huiduiujwwuiupjuiG qnpdwbhg 
finiGl/gfiuiGbpp ujbuip t /JiGbG GmjG $>niGligpuiGhpp - dpuijG dp qbujpnid qpuiGp buifuduid ujbuip t jpGbG v niqpq 
huipuipbpuibuiG mpmqnipjniGfig, pub djmu qbiqpmd qpmGp buifui/uid ujbuip t IpGhG v' huibuiquipd huipuipbpuibuiG 
uipuiqnipjmGpg: Pwjg uiju pGuibuiG bGpuiqpmpjniGp, npp p[umd t hbGg pmG huipuipbpuibuiGmpjuiG hpdGuiqpmjppg, dbGp 
huiGqiudmGnpbG 1/uiu/uignigbGp (1.3) pwdGmd: 



(1. 1 - l)-nij uipipiai} qfruijpG huiipiiuuipniu'GGpp huuSuilpupqhpp npryp^Gbpp G2uiGuiliGGp d(v) U d'(v') 
inuinuiG2uiGGGpni[, npnGp Ipujuipiii} GG hunSuiiquainiuuJiiuiGuapuip v U v' niqpq U hualpuquipd huapuiphpuiliuiG 
uipuiqnLpjniGGhppg U npnGg uipuiuihuajuinipjniGGhpp q^pGGG. 

f d(y) = Pi(y)Yi(y)-p 2 (y)y 2 (y) * 
| rf'(v')-jSi(v')7i(v')-^(v')72(v')*0 

(1. 1 - l)-nil uipijuii) niqjiq dUuupnJumpjuiG huuhiiuuipnLu'Ghpp huuSuiliuipqp pn&Gpnl puui (t,x) uinuiGgpuipilhpp, iSGGp 
lluuiuiGuaGp hhuiUjuq dUuiifrnJunipjuiG huiquiuuipmiSGhpp. 

r t = riW t < _ M± x ' 



1.1-2 



d(v) 

Pi(y) 

d(y) ■ 



dfy) 
d(y) ' 



1.1-3 



(1. 1 - 3)-p huuShiSuiuihpii[ (1. 1 - l)-ni[ uipi[ua& huaquiquipd dUuiipnJunipjuiG huiqumuqinuSGhpp hhui, iSGGp quipnq GGp 
Juuiquiipip qnpdualipgGhpp uipuiuihuajuih^ uiGJuuiq qnp&uaqpg GhpniJ hhinUjuq qhpui. 



< 



Ml 



r' 2 (y') 



d(v) 

Y2(v) 
d(v) 



1.1-4 
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"biiuiQuiiqhu (1. 1 - l)-nil inpihui} huilpurpupd dUuaipnJunipjiuQ huuhuuuipnLu'Ghpli huiuuilpupqp pn&hpul puin (t',x') 
uanrnGgpuipipapfi, iJbGp huinuiGuiGp hhinhjuiL dUuiipnfunLpjuiQ huiUuiuuipniuGhpp. 



rf'(v') 

ri(v') 



d'(v') rf'(v') 

v. 

(1. 1 - 5)-p huiuhuuiinhpiil (1. 1 - l)-ni[ inpUuifr nirpiri dUuiipnJunLpjuiQ huiUuiuuipniuGtipp hhin, uhGp Ipupnq hGp uiGJuuiq 
qnpfruilifigGhpp uipinuihuijinbi fuuiquiipip qnpfruilifig Ghpni[ hhinhjuiL bhpiq. 



)Si(v) 



r'i(y') 

/%(v') 



7i(v) 



jg'i(v') 
rf'(v') 

72(v') 
rf'(v') 



hpuip hhin huiuhuuiinhpiil (1. 1 - 4)-ni[ U (1. 1 - 6)-n\[ inpi|ui& qnp&uiqpgQhpp uipinuihuijinnipjniGGhpp iShQp IpnnuiGuiGp 
hhmhjuq uinGyiipjniGGhpp, npnGp mrppulihnphG pfuniiJ hQ q&uijpG dhuiipnlunipjuiG hminlpiipjniGGhplig. 

♦ d(v) h d'{v') npn^foGhpfi hiurfiup rfhGp yuwiuGwGp hhwhjui[ pGwhiuG lunGjnipjmGp 

d{v)d'(v') = 1 

♦ ji\ h j\ qnp&uiljpgGhpp rfppL mhqp mGp JibwL/ui[ uinG^mpjmGp 

/Mv)/n(v') = n(v)ri(v') 



f>ul[ (1.1- 4)-n4 IpuiJ (1.1- 6)-ni[ inpi|ui& huu|uiuuipniuGhpp huiu'uiliuipqhpp hpqpnpq huiihiiuuipniu'Ghpp puiduiGhpiil 
Jipuip i[pui iShQp buinuiGuiGp iSJi uipinuihuijinmpjniG, npp h uhGp qG2uiGuilihGp <i inuinuiG2iuGni[, JiG^iqhu gmjg t inpi|ui& 
uinnph. 

Ml = Ml = < 

/ 2 (v) y' 2 (y') 1 

(1. 1 - 9)-hg hhinUniiS t np ii qnp&mqjigp iSJi r^huipniiJ uihinp t liuijuijuii) ppGh v mnjin huipuiphpuilpuG uipuiqmpjniGpg 
Jiul) iJjniu nhujpniu uijG Ipujuihiii} iqhinp t l]iGh v' huilpurpupd huipuiphpuilpuG uipuiqnipjniGfig, fiG^iqhu gmjg t inpi|ui& 
uinnph. 



= <i(v') 



72(v) r' 2 (y') 
bi huiuui6uijG (1. 1 - 9)-ni[ uipi[ui& uinG^nipjuiG, 4i(v) h <i(v') qnp&uiqpg-^niGligpuiGhpp Jipuip huu[uiuuip hG. 



<i(v) = <i(v') 



(1. 1 - ll)-nil inpihui} ;pmGl[ghnGuq huiihiiuuipniu'p mGp pii&uuiG hpbni hGuipuiipipmpjniG. 

ui) UnuippG hGiupiui[np piidmiSp 

Iv'l = Ivl h <j-p qmjq JpniGlighui t 

(1. 1 - 12)-n4 inpihui) upujuuiGp nhuipniiJ puiihiipuipipiiu t (1.1 - ll)-nil inpihui) ^nLGqglinGui^ huiiluiuuipnLiJp, puijg uijG 
huilpuumu t uuJhGuipGqhuiGnLp dhuuhnJumpjuiG huu|uiuuipniuGhp qinGhpii (1 - 'l-J-nil inpihiic} uhp upuhuiGghG: <huihuipuip 
(1. 1 - ll)-nil inpihufr 5>mGliglinGui^huiiluiuuipiJuiG uiju uinuigpG hGuipuiipip pu&niup uhGp u'hpdmu' hGp: 



p) bpbpnpq hGuipuiq'np pnimiGp 



Iv'l * Ivl 
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UjupGpG uiiihGiupGrpiuiGnip dhuutinJunipjuiG huiqMmiuipnLuGhp qinGhpn (1 - 0-)-ni[ inpi|ui& uhp iquihuiGgp puiipjipiup^nLu 
t: <hinlaupuip (1.1- ll)-ni[ uipi|ui& IjaiiGligpnGuiL huiiluiuiupniup niQfi hhinhjuq upuil) hGuipui^np piifrniup. 



<i(v) = 4i(v') = A l = huiuiniuinniG 



1.1-14 



llpinhq <i huiuinuiinniG uh&nipjniGp mGp GmjG uapdhpp pnpip pQhpgpua^ hunSiul)uipqhpnnS: lljuuifiuml (11 - 9)-niJ 
uipdjufr umG^nipjniGp, hunSuiduijQ (1. 1 - 14)-Ji, uhGp Ipupnri hQp qph^hinhjuq lihpup 

Piiy) P' 2 (v') , . r 
; ' = , , = <, = hmuuimuimG 
/ 2 (v) y' 2 (y') 

£uiQp np (1. 1 - 15)-n4 inpipui) umGyiipjuiG uhg y 2 qnpthuqpg Ghpp niGhG uipuiqmpjuiG ^unpnquilpuGnLpjnLG h 
quiuuilpiiG linuiuiplpSuiG qhiqpnuS, huiuiu&uijG (1 - U)-ni[ inpi|ui& inuipiudnipjuiG Q-uqpphjuiG &hunpnJunLpjnLGGhpp npuiGp 
niGhG puiguiuuilpuQ G2U1G, pul) f} 2 qnp&iulipgGhpp niGhG uapiuqiupjuiG hiulpuquipd ^unpnquilpuGnLpjnLG, hhinhuipuip 4,i 
huiuuuuuiniG uh&nipjniGp uhGp Ipupnq hQp uipuiuihiujinhi inphqhpiulpuG c lupiuqiupjinGnq' hhinUjuq hhpup 



<i = 



c 



= hmuuimuimG 



flpinhq g-G dmumGmqmuiiupiudnipjuiG hpqpui^uii|iuiliuiG IpjimngqMjjfrpp pGnipuiqpnq ufi Qnp huiuuiuiumiG uhfrmpjinG t 
h npp, huiuuiduijG (1. 1 - 15)-ni[ uipi|ui& uinGynpjuiGp, niGfi QmjQ uipdhpp pnpip JiGhpgJiuiL huiuuilpjjpqhpniu U uqqpniGpnphG 
quipnq t l]iGhl_ h qpuilpuG U puiguiuuilpuQ uhfrnipjniG: 

(1. 1 - 16)-n4 uipipiafr <i qnp&uaqgli uipdhpp uihipunphpii[ (1. 1 - 15)-ni[ uipipJifr uinGyiipjuiG uh§, uhGp fi 2 
qnpfrmqJig-JpniGligliuiGhpp quipnq hQp uipuiuihuijuihL y, qnpfrmqp^-JpniGligliuiGhpml hhuihjuiL qhpiq. 




UjGmhhuih fi 2 qnpfruilpigGhpli uipuiuihuijuinipjniGGhpp (1. 1 - 17)-pg uihquiqphpul (1. 1 - 2)-p uh§ uhGp npn2ji^Ghpp 
huiuuip IpiuiuiGuiGp hhuihjuiL uipuiuiliuijuinipjniGGhpp. 

4v) = 7i(v)/Ji(v) + g^[72(v)] 2 *0 
d'(v') = y i (v')P' 1 (v') + g-L[ r ' 2 (v')] 2 *0 



1.1-15 



1.1-16 



1.1-17 



1.1-18 



"buuiGuuqhu fi 2 qnp&ual|pgGhpp uipuiuiliuijuinipjniGGhpp (1. 1 - 17)-)ig uibipunphpul (1. 1 - 1)-Ji ubg, uhGp upuijunji 
Q-njhpp hiupiuphpuiquaG 2uipduuiG ninjin h huaquiquipd &huidpnhinipjniGGhpp huiuuip IpiuiuiGuiGp hhinhjuq huuhiauuipniuGhpp. 



fliqpq dhuai}inJunipjniGGhp 



<uilpuquipd dhuidpnlumpjniGGhp 

= p\(v l )t'-g-± 2 - 7 ' 2 (v')x' 



1.1-19 



x' = /i(v)x + y 2 (v)t 



x = y\{v')x' + r ' 2 (v'y 



CQnq&niii 1-5 - (1.1 - l8)-ni/ inpi/wd dhuii/infumpjuia d(y) L d'(v') npnjfijGbpp, huiiSui6uijG (1.1 -7)-fi, 
iSpiudiuiSiuGwl] ujbuip t ipGbG Ipiirf qpiulpuG U IpuiS t[ piugwuiulpiiG iShdmpjniGGhp: IpwliiuG l]iuiS pwgwuwl]uiG npn^fe 
mGbgnq dhwdinpmipjmGGbpp dpui^wifi muipuidnipjuiG dbg, hwdw&wjG (1 - Q.)-nd b{\- t)-Jid wpdiud uiuhduiGmdGbpp, 
dbGp jjpuiGp GmjGujbu hiuGdiuGbGp hiudiuuiuimuiupjiuGwpiup «qpuihiuG dbuidmlumpjmGGbp» Ipud «puiguiuuibuiG 
6bmifinlumpjmGGbp»: Uju bpbm, npmlpuujbu fipuipfig uimppbp, dbmdinfumpjmGGbpG t[ niGbG qnjmpjiuG [lpmdmGp, 
npndhbwb qpuiGgfig mdbG dbbp Glpupiuqpmd t dp npnjuil/fi jtfiqpbwhiuG bpbnijp: 

1-puilpuG dhuii}in[unipjniGGhp PuiguiuuilpuG dlauihnfunLpjnLGGhp 

f d(y) > f d(y) < 1-1-20 

1 d'(v') > ' I d'(y') < 
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1.2 - MbpgliuiL -xiuiSiut[iu]iqb]i]i UliqpGiulitiuibph CiupchSiuG •xbuiiuqnuiniiSii 

"buiju G2hGp, n P uinuiGg pGnhuiGpnipjuiG nhu uhrpuG^hpii, iSpua^uiip inuipuifrnLpjuiG ilhg K pGhpgpmt huiuuiliuipqp 
GlpmniJuiup K' pGhpgpiui hunSuiliiupqp 2uipdiSiuG v lupuiqmpjmGp (niqpq uipuiqnLpjniGp) uhGp quipnq hGp pGinphi uijGujhu 
np uijG ufyui ninrphiifr piGp x uinuiGgpp qpuilpuG nuppnpjuiup h hhuiUuipuip uijG lllpGp npuilpuG uhfrnLpjniG: 



v>0 1.2-1 



Ujdil oqinq'hpiil (1. 1 - 19)-ni[ inpi|ui& upui^uup Q-njhpp huipuiphpualpuG 2uipduuiG niqpq h huilpuruupii liuuiipnJunipjuiG 
huiqMjjuuipnLuGhppg, gniguiphphGp ;ppqph,uiliuiG uninhgniu U hu^hGp K 1 U K pGhpgpuiL hunJiulpupqhpp uliqpGuihhinhpp 
ppuip Glpmnuuiup niGhguifr 2 UJ P ( } UU1 G uipuiqnipjniGGhpp, npnGp iqhinp t huiupGliGhG hhGg GmjG pGhpgpuq hunSuilpupqhpp 
huiuuiuiuiinuiuluuiG huipuiphpuuiuiG uipuiqnLpjniGGhpp hhin: 

1 . K pGbpgpmi huiiSuiljLupq[i GbmmiSuiiSp K 1 pGbpgpuii hmiSmbuipqp uhqpGuihhwp 2uipdduiG 
hbmuiqnmmiSp 

K' pGhpgpuq huiiSuilpupqp O 1 uqqpGuilpaiiip 2uipduuiG pGinpnipjuiG nhiqpniu, uijn uqqpGuil|hinp inuapiu&ualpuG 
umuiGgpuipiphpp K' U K pGhpgpuiL huiuuiliuipqhpnLu hunJiuupuinuiuJuuiGuipuap IpuGhGuiG hhinhjuq uipdhpGhpp. 

x' = 

1.2-2 

X = vt 

(1.2 - 2)-n4 inpiluii) O 1 uqqpGuilpaiiip inuipui&uuiuiG uinuiGgpuipqMipp uipdhpGhpp uihnuiqphpid, (1. 1 - 19)-n4 inp^uii) 
uiuipuifruilpuG uinuiGgpuipi[p niqpq dUiuipn[unipjuaG hulqMjiuuipuuiG uhg, uhGp IpunuiGuiGp y 2 (v) qnpfrmqpg-JpniGligpuijp 
uipinuihuijuinLpjnLGp. 

yi(y) = -ji(v)v 1.2-3 

Ujdu tl. (1.2 — 2)-ni[ inpihufr O' uqqpGuiqhinp inuipuiduiquaG uinuiGgpuipilhpp uipdhpGhpp inhrpunphpu[ (1.1- 19)-ni[ 
uipq^uii) duiuuiGuilip U inuipui&nipjuiG uinuiGgpuipiphpp huiliuinuipdi dUiuipnJunipjiuG huiqMjiuuipnLuGhpp uhg h uijn 
huiqMjiuuipnLuGhpp puiduiGhpul ppuip i]piu, uhGp quinuiGuiGp v mnpn huipuiphpuilpuG uipuiqnLpjuiG uipinuihuijinnipjniGp. 

v= X = /2(0 12 . 4 

2. K' pGbpgpuii hiuiSiulpupqp GbuimiSwup K [lGhpgpiui huirfuihwpqp ubqpGwbbmp jmpdiSmG 
hbmuiqnmmiSp 

K pGhpgpuiL hunJuilpupqp O uqqpGuilihuip 2uipduuiG pGinpnipjuiG nhiqpniu, uijn uqqpGuiqhinp inuapua&ualpuG 
mniuGgpuipi[tipp K U K 1 pGhpgpuiL hunJuilpupqhpnuJ hunJuaupuinuiuJuuiGuipuap qniGhGuaG hhinkjui^ uipdhpGhpp. 

J*" 1.2-5 
I x = v't' 

(1.2 - 5)-niJ inpiluii) O uqqpGuiqhinp inuipuiduilpuG umuaGgpiupilhpp uipdhpGhpp inhriuiri.phpi4 (1. 1 - 19)-ml inpi[ui& 
uiuipiudiuliuiG uinuiGgpuipi[p huiliuiri.uipd dUuupnJunipjuiG hiuiluiuiupuuiG uhg, uhGp liuinuiGuiGp y ! ? (v') 
qnpduilipg-^niGligpuijp uipiniuhiujumLpjnLGp. 

y' 2 (y') = -7i(v')v' 1.2-6 
Ujdil ti_ (1.2 - 5)-ni[ inpi[ui& O uqqpGuilihuip inuipui&uilpuG uinuiGgpuipilhpp uipdhpGhpp inhquaqphpuj (1.1- 19)-n4 
uipijuid duiuuiGuilip h uiuipui&nipjuiG uinuiGgpuipilhpp niqpq dUuupnJunipjuiG huuluiuuipnLuGhpp uhg h uijn huu[uiuuipniuGhpp 
puiduiGhpiil ppuip q^pui, uhGp quuiuiGuiGp v' huiquiquipd huipuiphpuiliuiG uipuiqnLpjuiG uipuiuihuijuinipjniGp. 



rz(v) 
t' Pi(y) 



x 



1.2-7 
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UjGmhhuiU (1.2 - 7)-Ji iShg uihquiqphpiil (1.2 - 3)-niJ npryihufr y 2 (v) qnpfruiligp lupinuihuijinnipjniGp, iShGp GuuiuiGuiGp 
v' huilpunuipd huipuiphpuilpuG uipuiqiupjinGp mpmiuhiujini|ui& v niripq huipuiphpiulpuQ uipuiqnipjuaiJp. 



nO) 



(1.2 - 8)-pg iShGp GuuiuiGuiGp Guih hhinhjuiL uinGyupjinGp. 

/i(v)v = -/Ji(v)v' 

"biiuiGuuuhu (1.2 - 4)-p ilhg inhrpurpihpu[ (1.2- 6)-ni[ npn2i[ui& y' 2 ( v ') qnp&iul|g|i uipuiuihuijumLpjnLGp, tfhGp 
huinuiGuiGp v niqjiri huipuiphpualpuQ uipuiqnipjniQp lupinuihuijinihufr v' huilpurtuipd huipuiphpualpuQ uipuiqnipjuiiJp. 



(1.2- 10)-[ig iShGp GuuiuiGuiGp GmU hhmhjuiL uinGynpjnLGp. 

ri(v')v' = -/n(v> 

(1.2 - 3)-niJ h (1.2 - 6)-niJ npryihui) y 2 (v)-]i h y 2 (v')-h uipuiuihuijuinipjmQQhpp. uihrnuqphpail (1. 1 - 17)-nil inpi[tu& Pz 
qnpduilipg Qhpp uipinuihuijumLpjnLGGhpfi lltig, iShGp GuuiuiGuiGp hhrnhjui^ umGyiipjniGGhpp. 



j8 2 (v) = g^n(v) 



"biiuiGuuuhu (1.2 - 3)-niJ U (1.2 - 6)-niJ npryihufr / 2 (v)-p U 7 2 (v')-p uipuiuihuijumLpjnLGGhpp inhquiqphpul (1. 1 - 18)-n4 
inpihufr npn2p^Qhpp uipiniuhiujuinipjniQQhpp iShg, iShQp huinuiGuiGp hhinhjuiL uinGynpjnLGGhpp. 



4v) = n(v)[/Ji(v) + g^-ri(v)]*o 



lIjGnihhuiU (1.2 - 13)-h iShg h,hpumhpiil (1.2 - 9)-p U (1.2 - ll)-Ji uipuiuihuijumLpjnLGGhpp, iShGp npn2ji^Gtipp huuJuip 
IpiinuiGuiGp Guih hhinhjuii hiuiSui^uiih uinGyiLpjnLGGhpn. 



^) = n(v)jSi(v)(i-g^) *o 
d'(v') = rl(v')^i(v')(i-«^-)*o 



hul| (1.2 - 3)-nil U (1.2 - 6)-nil npn24uid 7 2 (v)-p h 7 2 (v')-h uipinuahiujinnipjniGGhpp inhriuar|phpii[ GuiU (1. 1 - 19)-n4 
inpihufr huipuiphpuilpuG 2uipduuiG mqpri h huilpunuipd dkuupnJunipjniGGhpp iShg iShGp liuuiiuGuiGp hhinUjuiL 
hiuihuuiupniiS Ghpp . 



fliqpq dhuujinpjnipjniGGhp 



7i(v)(x- vt) 



•iiuliuinuipd dhuufinJunipjniGGhp 

t = P'dv')t' + gy[(v')^x> 



x = y[(v')(x'-v>t') 



Mjujhu Guih (1.2 - 15)-p ilhg Ijhpuinhpiil (1.2 - 9)-h h (1.2 - ll)-p uipuiuihuijuinipjniGGhpp, iShGp huipuiphpuiljuiG 
2iupchSiuG nujpij U huiliiumupd dhuiipnfunLpjnLGGhpp huiGuip GuinuiGuiGp Guih hhinhjuiL huujuiuuipnuSGhpp. 



fluihrj dhuiipnfunLpjmGGhp 

t' =p l (y)(t-g^ 



•£,uilliuniupd dhuuhnfunLpjiuGGhp 

t=p\{v<)(t<-g^x') 



x ' = 7i( v )( x - vt) 



x = y[(v')(x'-v't') 
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1.3 - 4,mpiupbpiut[iuGnipjiuG 4,]ii5Qiuryinijp]i Oquiiuqnp&nuSp 

<iupiuphpiul]iuG OiupchSiuG QLmupnpanipjiuG 4,iui[iuuiupnii5Qhp]i Ubg 

bQpuartphQp uipi[ua& hQ hpl|nL uiujuiqunJhin uigijil] K h K 1 pQhpgpui[ hiuu'uilpupqhp, npnQp ppuip GquiiniSuiup qinG^niiS 
hG huipuiphpuilpuG 2UipduuiG iShg h puiihjipiup^nLu' t Guih (1.2 - l)-nil inpijuii) upujuuiGp: Ujdli (1.2 - 15)-n4 uipqMjii) 
huipuiphpuilpuG 2uipdiSuiS mqpq h huilpurpupd dhunJinJumpjuiG huiqMjiuuipniu'Ghpli iShg qhpumhGp (1 - P)-ni[ inpUuifr 
huipuiphpuilpuG 2Uipdi5iuQ umuigfiG hpiSGuiqpnijpp' huipuiphpuilpiiGnipjuiG uqqpmGpp: 

1 . K fiGbpgfiiui hwiSwlpiipqfig, hmGmjmhuiG t ujuih/iG, huij>i/bGp K fiGbpgfimi hiuGiubiupq/i GbwwiSimSp 
huiGquuifi ilptfuihmiS quiGifriq b l hpquipmpjniG mGbgnqji dnqfi bpbuipmpjniGp: 

Uhq huiu'iup hhinuippppnipjinG GhplpujuigGnq mnuiGgpiupUhpfi inuipphpnLpjnLGGhpp hniGhGuiG hhinhjuiL uipdhpGhpp. 

t 2 - 1\ =0 

X2 - X\ = I 1 .3-1 

X 2 — x l = ^0 

(1.2 - 15)-niJ uipiluii) inuipuifrmpjuiG nLqJiq dUuiq^nfunipjuiG huu|uiuuipuuiG ilhg inhrpunphpn[ (fi.JCi) U (t 2 ,x 2 ) 
umuaGgpuipilhpp, iShGp inuapua&ualpuG x\ h x' 2 uinuiGgpuipqMipp huiu'uip huinuiGuiGp hhinhjuq uipinuihuijinnLpjnLGGhpp. 



1.3-2 



x 2 = 7l(v)(^2 - Vt 2 ) 

lIjGnihhinh oqin4hpii[ (1.3 - 2)-fig U (1.3 - l)-ni[ inpi]ui& uinuiGgpuipqMipp inuipphpnipjuiG uipdhpGhpfig, huydbGp K 1 
hGhpgJiuq hunJiulpupqnLiJ uiG2uipd qinGq^iq dnqp hpquipnipjniGp, npp huiihuuuip iqhinp t p^GJi Iq-\l. 

x' 2 -x\ = lo = 7i(v)[(x 2 -xi) - v(t 2 - fi)] = 7i(v)/ 1.3-3 

K JiGhpgliuiL huaiJuilpupqp inhuuiGhjniGpg uijq dnnji bpquipnipjuiG h K 1 hGhpgJiuq huiu'uil[uipqniu' huiGquuip djifiuibniu' 
quiGipiri GmjG dnqp hplpupnipjuiG huipuiphpnipjniGp ufein iqhuip t p>Gp npuiquiG uh&nipjniG h huiuuiduijG (1.3 - 3)-h, uijG 

lllJiQti. 

-j- = —^>0 1.3-4 
(o Yi(v) 

2. K' fiGbpgfiui[ Iiimiuibuipqpg, 1/uiifui/uil/uiG t' igiuhpG, hui^q'bGp K ftGhpgliiui huiduibujpqfi Gbiuwrfuirfp 
huiGquuifi iJliduibmiS qmGi[nq b GmjGuibu la bpbuipmpjniG niGhgnqfi dnqfi bpbuipmpjniGn: 

Uhq huiu'uip hhinuippppnipjniG GhplpjijuigGnq umuaGgpuapi[lipli uiuipphpnLpjmGGhpp qniGhGuiG hhinUjuiL uipdhpGhpp. 

1.3-5 




(1.2 - 15)-n4 inpijuii) inuipuidnipjuiG huiquiquipd dhuiq^nfunLpjuiG huai[uauuipuuiG ilhg inhqiuqphpiq' (t\,x\) U (t2,x' 2 ) 
umuaGgpuipilhpp, uhGp inuipua&uil|uiG X\ h x 2 uinuiGgpuipilhpp huaiJiup quinuiGuiGp hhinhjuq uapinuihuijinnLpjnLGGhpp. 

f Xl = ri(v')(4-vV 1 ) 
1 *2 = rl(v')C*2-vY 2 ) 



1.3-6 



IIjGnihhuih oqinilhpii[ (1.3- 6)-|ig U (1.3 - 5)-ni[ inpi[ui& uinuiGgpuipq'hpp inuipphpnipjuiG uipdhpGhpJig, hui2ilhGp K 
fiGhpghaq huuJiulpupqnLiJ uiG2uipd qinGiJnq dnqp hplpjipmpjmGp, npp huiijuiuuip iqhinp t lJiGJi /o-Ji. 

X2-X1 =lo = ri(v')[(4-^i)-v'(f 2 -fi)] = ri(v')/' 1-3-7 
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K' pGhpgpiui huuSuilpupqli uihuuiGlijniGlig uijn dnqp hplpupnipjuiG U K pQhpgpuiL hiuuiulpupqniu hiuGquuip ilpfiuilpiui 
quiGipiri GmjG dnqp hplpupnipjuiG hiupiuphpmpjniGp ujyin iqhuip t l]iGp npuilpuG uhfmipjniG U huiuuiduijG (1.3 - 7)-Ji, uijG 

inliQli. 



1 



ri(v') 



> o 



1.3-8 



<uniiudiujQ (1 - P)-n4 inpiluid umuigJiQ hpiSQuiqpnijpli' hiupiuphpuilpuGnipjuiG uliqpniGpp, K U K 1 pGhpghiui 
huiuuilpupqQpli inhuuiGlyniGlig njiiniupliqMjii} U huiuuiiuiuinuiuJuuiGuipuip (1.3- 4)-m{ U (1.3 - 8)-mJ uipqMui}, 2iupdipiii U 
uiG2iupd upUGnijG dnqp hplpupnipjniGGtipp hiupiuphpnipjniGGhpp, iqliinp t p^GhG GmjG JpniGqgfnuG, iSpuajG iSp qtuqpniu uijG 
l)uijuq'iu& uihinp t iJiGJi v ntnjui hiupiuphpuiqiuG lupiuqmpjniGlig, pulj ujmu nluqpniif v' hmlpjjqmpd hmpiuphpuiqiuG 
lupiuqmpjniGlig, uijupGpG iqliinp t inhqli niGhGui htunLjuq umGyiipjmGp. 



ri(v') = n(v') 



Puijg piuGfi np, uiuhGuipGnliiuGnip nluqpniu, huiuuiduijG (1 -1-)-p, Iv'l * Ivl, hhinUuipuip. 

n(v') * n(y) 



1.3-9 



1.3-10 



GQqq&nnJ 1 -6 - £uiGp np buiduijiubuiG hiupiupbpuihiuG uipuiqnipjwdp jwpddnq gwGlpuguid bpbm uiupuquidbm 
uigipl] pGbpgpiui hiudiubwpqp inbuiuGbjmGpg ^wpddnq dnqp b hiuGquuip dhp qmGdnq GmjG dnqp hphiupnipjniGGhpfi 
huipuiphpmpjniGp ^p buipnq ifiGbi pwgwuwlpuG dbdnipjmG, hbinbuipmp (1.3 -4)-/? L (1.3 - &)-fi, pG^igbu Giub (1.3 — 9)-/? 
uipqjmGpGbppg hbmbniiS t np y l qnpfruibpg-$>mGbgpuiG iSfew u/bwp t IpGp qpiubuiG dhdnipjniG: 



7i(v) > 

n(v') > o 



1.3-11 



3. K' pGbpgpuii hiudiubuipqnid, muipuidnipjuiG dpbGnijG x' GwjpmiS mbqp t mGbGmiS dp [uii/ huijmGp b 
iqwppbpuipwp bpbGijnq upumuihuip, npp upuppbpmpjuiG mbnqmpjmGp t t: -iui^dhap mjq iqwmwhwpp 
apuppbpnipjuiG mbnqmpjmGp K pGbpgpuii hiudiubuipqp uibuiuGbjmGpg: 



Uhq hiuuiup htuniuppppnipjniG GhplpujuigGnq umuiGgpiupi[tipli inuipphpnipjniGGhpp qniGhGuiG htunUjuiL uipdhpGhpp. 

t' 2 - t\ = to > 

x' 2 -x\=Q 1.3-12 
t 2 - fi = t 

(1.2 - 15)-n4 inpqMui} duiuuiGiuli[i hiulpuquipd dUuiq^nJunipjuiG hiuihuuiupuuiG ilhg mtiniuiuihpii[ (t\,x\ ) II (t' 2 ,x' 2 ) 
iuniuGgpuipi[Qpp, uhGp diuuiuGuiqli 1 i II f 2 uinuiGgpuipi[hp|i hunSuip quiniuGuiGp htunUjuiL uipiniuhiujinnipjniGGtipp. 



t2 = p\{v')t' 2 +gr\{v')\x' 2 



1.3-13 



UjGnihhinL oqinipjpul (1.3 - 13)-fig U (1.3 - 12)-ni[ inpi|iu& umuiGgpuipiltipp iniupphpnipjiuG uipdhpGhpfig, huyilkGp uijq 
puil hiujinGfi upuiniuhiupli upupphpnipjiuG uiUnrinipjniGp K JiGhpgliuiL huaiJual|uipqp inhuuaGlijnLGpg. 

t 2 - tl =t= p' 1 (v')(t' 2 -t' 1 ) + gr ' l (v')\(x , 2 -x\) = f}\(v')t 1.3-14 

K JiGhpgfiuiL huiiJuilpupqp inhuiuGl[jnLGpg uijr^ pjiij huijinGp iquiinuihuipp iquipphpnipjuiG inUnqmpjuiG U K' pGhpgpiu^ 
huiiSuiliuipqnuS huiGquinfi ^pfiuilinnS qinGi[nri GnijG ujuiiniuhuapli upupphpnipjiuG uiUnrimpjiuG huipuiphpmpjniGp, huuSuiduijG 
(1.3-14)+, biJiGp. 

-fc = P'i(y') 1-3-15 
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4. K pGbpgpuii hwGwUmpqmd, uimpiudmpjiuG GpbGmjG x i/uijpniif mbqp t mGbGniiS Gmpinpq [lurf hmjuiGp 
h ujmppbpmpwp bpl/Gi/nq upuwwhwpp, npp upuppbpnipjwG uibnqmpjniGp to f- 4iu2GbGp wjq upmnuihuipp 
iqmppbpmpjmG inbnqmpjmGp K' pGbpgpuii hwiSwUuipqp wbuwGUjniGpg: 



Uhq hiutiiup htunuippppmpjmG GbplpupugGnq umuiGgpmpipjpJi inuipphpnLpjnLGGhpp liniGhGuiG hhinUjuiL uipdhpQhpp. 

t2 - h = to > 
-xi = 
■ t\ = t' 

(1.2 - 15)-n4 inpipJii} dunSuiGiulip nirpiri dUuiipnfunLpjuiG huiipJiuuipiSuiG ilhg inarpunphpii[ (fi.JCi) U (t2,x 2 ) 
mniuGgpuipipapp, iSbGp duiuuiGuilpi t\ U t' 2 umuiGgpuipipjpli huiiSuip IpjuiuiGuiGp hhinUjuiL uipiniuhuajinmpjniQQhpp. 

cr 

t'i = li\(v)ti + gy i(y)^-x 2 
k c 

lIjGmMinL oqimlhpiil (1.3 - 17)-fig U (1.3 - 16)-ni[ inpi|ui& uinuiGgpuipiltipp iniupphpnipjuiG uipdhpGhpfig, huyilbGp uijn 
puil hiujinQfi upuinuihiupli upupphpnipjiuG uiUnrpiipjniGp K' pGhpgpuq hunSuilpupqhpli inhuuiGlyniGJig. 

ti-t'i = t' = j8i(v)(f 2 -fi) = Pi(v)t 
K' pGhpgpuq huiiSuilpupqli uihuuiGlyniGlig uijn pm[ huijinGfi upuinuihiupli upupphpmpjuiG inLnrpiipjuiG U K pGhpgpuq 
huiiSuilpupqniu' huiGquinp. ilpfJuiliniiS qinGipiri GnyG upuiniuhuipli upupphpnipjiuG inLnrpiipjuiG huipuiphpmpjniQp, hunSuiduijQ 
(1.3-18)-p, IpjiGp. 



1.3-16 



1.3-17 



1.3-18 



1.3-19 



"bmjGiqhu huiuui&uij G (1 - P)-ni[ inpi|ui& uinuigpG hfuJGiunpmjpp' huipuiptipuilpuGnipjuiG ul^qpniGpfi, K U K 
JiQhpgliuiL huitiiulpupqtipp intmuiGlynLGpg npinuipl[i|ui& U hiuiJuaiquiinuiuJuuiQuipuip (1.3- 15)-ni[ U (1. 3 - 19)-ni[ inpi|ui&, 
lipUGnijG huijinGp upuinuihuipp upjipphpmpjnLGGhpp huipiuphpnLpjnLGGtipp, iqliinp t iJifibQ GmjG JpmGligliuiG, iSpiujG iSp 
qtnqpnuS uajQ Ipujuijuii) iqhinp t iJiQfi v nirpiri huipuiphpuilpuG uipiuqnLpjniGpg, }iul] ujniu nauipmiT v' huilpunuip& 
huipuiphpualpuQ uipuiqnipjmQlig, uijuJiGpG iqhinp t inan]i niGhGui hhinUjuiL lunGynpjniGp. 



/Ji(v') = J5i(v') 



Puijg puiGfi np uiiShGuipGnhuiGnip nbujpnuS, huitfui&uijG (1 - Iv'l * Ivl, hhuiUuipiup. 



1.3-20 



1.3-21 



CQn.q&nuJ 1-7 - ji\ qnpduilipg-!pniGhgpuijp G2uiGp iSuiupG uinuijdd dhGp n^pGi huwuib jqpmbGp: Ujq hwpgfi 
GbpgGuilpiiG u/uiuiuiupjuiGp \SbGp l/uimuGiuGp hhwwqiujmiS: O-pw huiiSuip iSGGp bwpnq bGp hiuumuimbi iSpuijG hbinhjuiip. 



j3i(vR0 



1.3-22 



UjGnihhuiU (1. 1 - 8)-ni[ inpi[ui& uinG^nipjuiG ilhg ljppuinhpii[ (1.3 - 9)-Ji U (1.3 - 20)-p uipr^jniGpGhpp, iShGp IjumuiGuiGp 
hhinkjui^ umGyiipjniGp, npp huaiJuaduajG (1.3 - ll)-p i5p2Ui iqhinp t ]JiGp qpiulpuG lJh&nipjniG. 



^i(v)JSi(v') = /i(v) 7l (v') > 



1.3-23 



GQn.q&nnJ 1-8 - (1.3 -2?t)-ni[ wpi[iud wnG^mpjmGp, huiiSbGwjG qbiqu, dbqhm^niG t np bpb K 1 L K pGbpgpuii 
hwrfwGiupqhpp uibumGGjmGpg hbinmqninUmiS t dpbGmjG !ppq}ilpulpuG bphnijpp, miqiu fi\ qnp&iul/fig-fimGbgpiujfi GjiuGp 
bphm pGbpgpuii huiiSuihiupqhpmiS t[ u/bwp t IpGp GmjGp 1 buirf qpiulpuG b buirf t[ piugmuiubwG: 
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Ujdii oqimlhpul huilpuruup& uipuiqnipjuiG (1.2 - 8)-n4 inpihufr puiGuidhjig U (1.3 - 23)-n\[ inpi|ui& uinGynpjmGpg, tihGp 
l)uipnri hGp ymjg uiui[ np V huilpurpupd lupiuqnipjuiG huilpuruupd uipuiqnipjniGp rpu GmjG v niq[ir\ lupiuqiupjinGG t, 
uiGlpuJu uijG puiGpg lihGp qnp& mGhGp rpiuilpuG ph puigiuuuilpuG dhunhnJunLpjnLGGhpp. hbin: 



(v') 



(1.2 - 10)-[i ilhg l)lipuinhpii[ (1.3 - 9)-fi h (1.3 - 20)-h uipryniGpGhpp, iShGp niujiri hiupuiphpuiliuiG lupiuqnipjuiG hunSiup 
lluinuiGuiGp hhuihjuiL uinGynpjmGp. 



Pi(v') 

(1.3 - 25)-fig iShGp IpjimuGiuGp Guih hhuihjuiL uinGynpjmGp. 

yi(v')v' = -j8i(v')v 

(1.2 - 6)-Ji U (1.2 - 12)-|i iShg liJipiunhpiil (1.3 - 9)-[i uipr^jniGpp, iShGp IjhuaiJnqiltiGp np /?2 Ij- y 2 pamqunhip h luGJuiuq 
qnpduiliJigGhpp luhinp t iJiGhG GnijG JpmGlighuiG, iShuijG iSp. nhuipmu' uijG l}uipJilui& iqhinp t ppGp. v niqjiq huipuiphpuilpjiG 
lupuiqiupjinGfig, }iul] ujniu qbu]pnuf v' hiulpunuipd hiupuiphpuiliuiG lupuiqnLpjnLGJig, uijuJiGpG inhuji niGh hhinlijuiip.. 

yi(v') = -yi(v>' = y 2 (v') 
J5i(v') = gn(v')4 = ^( v ') 

c 

UjGnihhuiU (1.2 - 13)-ni[ inpiluifr npryp^Gbpp. iShg liJipumtipnl (1.3 - 9)-Ji U (1.3 - 20)-p. uapqjmGpGhpp iShGp IpjimuGiuGp 
hhinLjuiL umG^nipjniGGhpp. 

d(y) = yi(v)[^i(v) + gyi(v)^-] * 

rf'(v') = yi(v')[^(v') + m(v')^-]*o 

(1.3 - 28)-]ig hbuiLmiS t np niin2li^-$niQlig|iiuQhp|i hiuUiup QnijQiqhu inhii|i niQ|i hhinUjiuui ^niQlig|inQiu^ iunQ^nipjniQ]i. 



rf'(v') = rf(v') 



•itiinUuipuip (1.1- 7)-n4 inpihui) umG^nipjniGp liqpGJi htunUjuiL Iqhpuq. 



d(v)d(v') = 1 



hul| (1.2 - 14)-n4 inpihui) npryp^Ghpp. ilhg GmjGiqhu liJipumbpnl (1.3 - 9)-h U (1.3 - 20)-Ji uipqjnLGpGhpp, JiG^iuhu GuiU 
(1.3 — 29)-p, tfhGp dlouifinJunipjiuG npryp^Gbpp- hunSiup IpunuiGiuGp GiuL hhuiujuiL uinGynpjnLGGhpp. 



«f(v) = ri(v)Pi(v)(i-gJ^-)*o 

4v') = 7i(v')/3i(v')(l-g-^) *0 



(1.1- 4)-n4 inpihui) huiGuiuuipniu'Gtipli hunSuilpupqtipli umuigJiG hunhuuuipnLu'Gtipli iShg bjipumbpiil (1.3- 9)-p U 
(1.3 - 20)-p uipryniGpGQpp, JiG^iqhu GuiU (1.3 - 28)-ni[ U (1.3 - 31)-ni[ inpi|ui& huuhuuiupmiSGhpp hunSuilpupqhpp uinuigpG 
hunhuuuipnLu'GQpp, iShGp IjuinuiGiuGp hhinUjua^ umG^nipjniGGhpp. 



/Si(v') = 



yi(v') 



l 



yiW = i = 

d(y) /Ji(v) + «n(v)^- /Mv)(i-g^) 

)Si(v) _ Wv) _ 1 



d(v) 



7i 



(v)[Pi(v) 



+ gyi(i') i V 



hull (1.1- 6)-nil inpihui) hunhuuuipnLu'Gtipli hunSuilpupqhpli umuigJiG hunhuuuipniu'Ghpli iShg GnijGiuhu ljp.puintipii[ 
(1.3 - 9)-p, (1.3 - 20)-\i U (1.3 - 29)-p uipnjniGpGhpn, pG^iuhu Guih (1.3 - 28)-nil h (1.3 - 31)-nil uipihud hunluiuuipnLiJGlipli 
hunSuilpupqhpli hph.pnpn huu[uiuuipnnSGhpp, lJhGp h.uuiuiGuiGp hhuihjui[ uinG^rupjiuGGhpp. 
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Pi(v) 



n(v) 



n("') = 1 = 1 

li(v') _ IW) = ] 

rf(v') 



7i(v')[j3i(v') + g7i(v')^] 7i(v')(l-^) 
<p2bpiil (1.3 - 23)-p, uhGp (1.3 - 32)-pg IjuaiS (1.3 - 33)-pg Ipupnq hQp uuiuiGuil hhuihjuiL huiuui^unp umG^nipjniGp. 



n(v)yi(v') = /Mv)jSi(v') 



/Si(v') 



> 



vv_ 

„2 



•fiuiGp np, huiuuiduijG (1.3 - ll)-p, Y l (v') h J { (y) qnp&uiljpg Ghpp up2in npuilpuG uhfrmpjinG hG, hhuihuipuip 
(1.3 - 32)-p U (1.3 - 33)-p mnmgpQ huiiluiuuipnLiJQhppg hhinUniiJ t np /5i(v') h /?i(v) qnp&uil)pgGhpp G2iuGp huijui]uj& t 
lipuijG rf(v) h d(v') npn2p^Qbpp Q2uiQpg: •ip2hpu[ Guih (1. 1 - 20)-p, uhGp uiupuquiuhin uigijil] pQhpgpui^ huiuuilpupqhpp 
huiuuip npuilpuG U puiguiuuilpuQ dUiuipnJunipjniQQhpp lpupnr\ hQp uuihuuiGhL Guih hhinUjiu^ libpup 



l-puilpuG dhuupnpinipjniGGbp 

f ^i(v)>0 
1 )3i(v')>0 



PuiguiuuilpuG dhuiipnhinipjniGGhp 

r /?i(v) < o 

1 /?i(v')<0 



Oqinilhpiil (1.3 - ll)-pg U (1.3 - 35)-ni[ uipi|ui& npuilpuG h puiguiuuilpuG dhuiifmhinipjniGGhpp nhiupmu jii 
$niGl)gpui-qnpc}uiligp G2uiGGhppg, pGM QU Guih oquu[hpnl (1.2 - 8)-niJ inpipui) huilpunuipd huipuiphpualpuQ uipuiqnipjuiG 
puiGuidhpg, uhGp Ipupnri hQp linnuGnpn2ilQl Guih uijn uipuiqnipjuiG G2uiG|i huipgmu Uu hhinhjuii hhpu[. 



1-puilpuG dhuiipnpinipjniGGhp 

„/ _ 7i( v ) 



PuiguiuuilpuQ dhuiipnpinipjniGGhp 



i(v) 



-v < 



7i 00 



v > 



1.3-33 



1.3-34 



1.3-35 



1.3-36 



GQqq&nnJ 1-9 - (1.3 -36)-fig hhinhnirf t np qpuibwG dhmipnpjmpjmGGbp]i qbiqpmd nuibiuqiupd uipuiqmpjmGp 
quinGmd t Jiuil/uiqpp uipiuqnipjmG, pul] piugiuuiulpiiG dbuupnpjmpjuiG qbuipmiS, hpb wjquipup dbuiipnpjmpjmGGbpp 
hGuipim[np hG uiu/uiquufbw uipiph pGbpgpuii huuSuihuipqhpp rfppb, uiu/ui hiulpuquipd uipuiqmpjmGp limGbGiu mqpq 
lupwqnipjuiG mqqmpjmGp: O-pui huiduip v' hwpwpbpiubuiG uipuiqmpjmGp iSGGp rffein l/uiGGuiGbGp huihuiquipd 
UipiuqnipjmG h jbGp oqmuiqnp&p hiulpuqpp uipuiqnipjmG uipmiuhiujmmpjmGp, bpb tfi uiui/mu~ iShb uij[ puiG: Ujuufpund iSGGp 
dp2in IpuhGuiphbGp puiguiuuibwG dbuiipnpjmpjmGGbpp qnjmpjuiG ppuidmGpp: 

Upnp JppqplpujnLu uhGp up2in oqinuiqnp&niu hQp npuilpuG dhuiipnhimpjniGGhpp h npuiGgpg uinuigi|ui& uipryniGpGhpp, 
puiguinnipjuiup npn2 nhujphpp hpp uiGhpuidh2umipjniG t qquigipiiu lippuinh^ puiguiuuilpuG dhuiipnhinipjniGGhpp, pQ^ujhu 
oppQuil) inuipuifnulpuG huijhpujpQ uiGnpuinuipduuiG nhiupmu: 



Ujdu liuiuiuiphGp Qnp G2uiGuil|nLuGhp: £uiQp np, huiuuiduijQ (1.2 - 3)-p, (1.2 - 12)-h U (1. 3 - 27)-p, pnpip 7 2 (v), 
7j(v'), Pi{v) h fS' 2 (v') qnpduilipgGhpp l)uiju4uj& hG upuijG 7j(v) h 7[(v') qnpduilipg Ghppg , pG^iqhu Guih huiuuiduijQ 
(1.3 - 9)-p h (1.3 - 20)-p y\ h p[ 5>niQligpuiGhpp QrujQ y l h fi\ 5)ruQl|gpuiGhpG hG, uiujui huiQniQ uiuipqiupjuiG h 
qhquiqpuiuiliuiQ huifinLjpp, uhGp hhuihjui[ qnp&uil|pg-4)niGligpuiQhpp uhg puig lipnnGhQp uuinppQ grugp^Qhpp. 

r )=>« ) 

1 7i( )=>/( ) 



UjGnihhuih, (1.3 - 9)-n4 h (1. 3 - 20)-ni[ uuiuiguid uhp uipqjmQpQhpp lippuinhpul (1.2 - 15)-p uhg, pQ^uihu Guih 
oquulhpul (1.3 - 37)-n4 uipijuid uhp Gnp Q2uiQuil)muQhppg, uhQp huipuiphpuil|uiG 2uipduuiQ nin]ir\ h huil)uir^uipd 
dhuupnlunipjniGGhpp huuSuip liuinuiGuiGp hhuihjui[ huu[uiuuipniuGhpp huiuuil|uipqp. 
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fliilpil duuiipnJunipjniGGhp 




•£,uilpnnuipd duuiipnJunipjniGGhp 


f t' = p(v)t + gy(v)-^x 




\ t = jS(v'y + gr(v')^' 




U 




[_ x' = y(v){x-vt) 




|i= 7 (v')(i'-vY) 



1.3-38 



"biiuiGuuuhu, (1.3 - 9)-ni[ U (1.3 - 20)-niJ uuiuiguid tfhp uipnjniGpGhpp l)lipuinhpii[ (1.2 - 16)-fi iShg, hG^iuhu QuiU 
GnijGiuhu oquiilhpii[ (1.3 - 37)-ni[ uipi|ui& tfhp Gnp G2mGuilpiiu'Ghplig, iShGp huipuiphpuiliuiG 2uipduuiG niujiii U huilpunuipd 
dhuiiJinhinipjniGGhpli huuSuip liuuiuiGuiGp GuiU hhuihjuii huiihiiuuipniu'Ghpli hunSuiliuipqp. 



fluipil duuupntunipjniGGhp 

x' = /(v)(x - vt) 



<uitpiinuipd dUuiipnpjnipjniSShp 

t = P(v')(t'-g^x^ 

x = r(y')(x' -v't') 



1.3-39 



CQn.q&nuJ 1-10 - hjbGp np dbGp nhn igbmp t npiijbGp ^LuipnquilpuGmpjmG ^mGbgnq by qnp&uippgGbpp, pG^iqbu 
Gmb iqbmp t iipnjbGp v' b v hiupiupbpuibiuG lupiuqmpjmGGbpp iffipb bqiud wnG^mpjmGp: 



1.4 - <iuuuiiuuiniQ UpiuqnLpjnLQQh]i]i Q-niiSiupiSiuG U 4,iuQi5iuQ PmGiu&Lbpp 

bGpuinphGp inpihud hG, Jipuip Glpiiuiu'uiu'p huipuiphpuilpiiG 2uipduuiG ilh§ quiGipiii, hphp K, K' h K" 
uiupuquiu'hui uigijil) pQhpgpu^ hunSuiliuipqhpp, npuihq K' JiGhpgpuiL huiu'uilpupqp K pQhpgpu^ huiiSuiliuipqfi Ql)umnSunSp 
2uipdi[nLiJ t v huiuinuiuiniQ uipuiqnipjuiiJp, fiul] K" JiGhpgliun hunJiulpupqp K' JiGhpgpuiL hiuiJual|uipqp Glpuuiu'uiu'p 
2uipd4niiJ t u huiuuiuiuiniG uipuiqnipjuiu'p h K JiGhpgpuiL huiu'uilpupqp Glpuuiu'uiu'p 2uapdi[nnS t w huiuuiuiuiniG 
uipuiqnipjunSp: Puigp npuiGfig, uinuiGg pGnhuiGpnipjuiG nM lJhiuiiG^hpii, iShGp lpupnr\ hGp pGipnGhL np pnpip v, u h w 
huipuiphpuilpuG uipuiqnipjniGGhpp puiihiipuipniu' hG GuiU (1.2 - l)-nij uipihiifr upujuuiGpG: 

CQn.q.&nuJ 1 -1 1 - ljuidui/iul/uiG uipmqmpjiudp jiupddnq ipnpdGwbiuG dwuGpbp lupiuqnipjmGp (mju piudGmiS K" 
pGbpgpui[ hiudiulpupqp huiuuiwuimG uipuiqnipjmGp) K' b K pGbpgpui[ hiudiulpupqbpp Glpumdiudp, undnpuipiup 
G^iuGiulp/md t JiiudiuiuiuwiuupjiuGiupiup u' b u iniumuG^iuGGbpnd: Pwjg dbGp qbpwqwubgpGp JjpuiGg ipnpiuipbG 
oquiwqnpdbi hiudiuuiwmwupiiuGwpiup u bw mwnbpp, pul] GmjG miunbpp pjwqwG2diud miunbpp dbpiuiquihb[nd wjq 
lupiuqmpjmGGbpp JiiuduiujuiimuupnuG huibiuqiupd lupiuqmpjmGGbpp GjiuGiubdiuG hwdiup: 

UjdiJ nJiuiuiplihGp K" pGhpgpua^ huiiSuilpiipqli ul^qpGuilpjinp 2uindnul[i: UjG K' pGhpgpua^ hunSuilpupqli GliiuiniSunSp 
GnijGujhu 2uipdihiiiS t u huiuuiuiuiniG uipuiqnipjuiup U K pGhpgpiu^ hunSuilpupqli Gl]UiimSunSp* w huiuuiiuuiniG 
uipuaqmpjunSp: UjGnihhinU qpuiGghGp K" JiGhpgliuiL hunJiulpupqp uliqpGuiljhinli 2uipdniup dunSuiGual[p hpl)nL uiuipphp 
upuhUpJi huiiSuip: UliqpGuilihin|i 2UipdiSuiG diuiJuaGuiliiuiniupiu&iujpG uinuiGgpuipiltipp iniupphpnipjniGGhpp, uaju hplpii 
uiuipphp ujuihhpli (ujuiuiuihuipGhpli) huuSuip, K' U K pGhpgpuii huuSuiliuipqhpnuS liniGhGuiG hhuiUjuiL uipdhpGhpp. 

K' JiGhpgliuiL huuJuiliuipqniiJ K fiGhpgliuiL huiiJuil|uipqniiJ 

(t' 2 -t[ = t< u (t 2 - tl = t 1.4-1 

I x' 2 ~x\ - x' = Ut' ] X2 ~X\ = X = Wt 

CuipniGuil[hGp lJhp hui2ilniiJGhpp, oquii[tipiil (1.4 - l)-nil uipiluid G2uiGuil|niiJGhplig U (1.3 - 38)-ni[ uipi[ui& 
huipuiphpuiliuiG 2uipdiJuiG niqjiq U huiliuinuipd dUuiitinhinipjuiG huuluiuuipniiJGhplig: 

♦ Oqwi/bGp mqpii dbuiipnpjmpjuiG huiduiuuipmdGbppg 
Q-phGp (1.3- 38)-ni[ uipi[ui& ninfui dUuiihnJunipjuiG huii[uiuuipnnSGhpp uijn hpl|ni uiuipphp upuuiuihuipGbpli huuSuip. 

f t' 2 = P(v)t 2 + g/(v)^x 2 f t\ = P(v)ti + gjW^x, 

■> c 2 u J c 2 1.4-2 

x'l = 7(V)(X 2 -Vt 2 ) I x\ = 7(V)(X1 - Vtl) 
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Oqinilhpnl (1.4 - 2)-ni[ uipi|iu& hplpii ujuiinuihuipGhpp uinuiQgpuipilhpfi mqpr\ dhuiihnJunLpjuiG huiihiiuiupnLiJGhplig, 
huyilkGp LLpuiGg iSJigh dimSuiGuilip inhnqnLpjniGp h hhnunhLpnLpjnLGp hhinhjuq lihpiq. 

f t'2-t'i = P(y)(t2-h) + gy(y)^(x 2 -xi) 



I x' 2 -x\ = j(v)[{x 2 -xi) - v(t 2 - ti)] 

UjQnihhinU (1.4 - 3)-Ji iShg inhquiqphpLil (1.4 - l)-nil inpihiii} hphm iqunnuihuipGhpp ilJigU hqiufr diuihuGuilih inhmpiLpjiuG 
U htmuiipipmpjuiG uipdhpQhpp, iSUQp h,uinuiGuiGp. 



1.4-3 



1.4-4 



ut' = y(v)(w - v)t 

hpuip ihiui piuduiGhpnl (1.4 - 4)-h bph,pnpq h uinuighG huu|uiuuipnLiSGhpp iShGp buinuiGuiGp huiuuiuiinniQ 
uipuiqnLpjniGGhpp huiGuiuG puiGiudhp. 



y(v)(w-v) 



1.4-5 



♦ OqiniJbGp hiuhwiiwpS dLwipnlumpjuiG hiui[iuuiupniiSGbppg 
Q-phGp (1.3 - 38)-ni[ Lnpihii& huilpiiquipd dhuuhnJunipjuiG huiiluiuuipnLiSGhpp uijq GmjG hph.nL iquiinuihuipGhpp huiuuip. 



t2 = p(v')t' 2 + g 7 (v')\x' 2 
xi = 7(y')(x' 2 -v't 2 ) 



h =/»(v'yi+«r(v')Vi 



1.4-6 



xi = y(v')C*i - v'ti) 



Oqinilhpnl (1.4 - 6)-m[ inpi|ui& uijq hph.ni iquiinuihuipGhpp uinuiGgpuipilhpp huiliuiquipd dhuuhnfunLpjuiG 
huiihiiuuipnLiSGhplig, huyilnGp LipuiGg tifigh duiuuiGuilih inhnqnLpjniGp h hhnuiilnpnLpjnLQp hhinhjuq h,hpu[. 

t2 - 1 , = /J(V' - ) + gy (V' ) \ (X' 2 - X\ ) 



1.4-7 



X2-X1 = r(v')[(4-4)-v'(4-4)] 

lIjGnihhinh (1.4 - 7)-h iShg inhquiqphpnl (1.4 - l)-nij inpihiifr hph.nL iquiinuihuipGhpp i5h§h liquid duiuuiGuilih inhnqmpjuiG 
h nhnuiihipmpjuiG uipdhpQhpp, iShQp l]uinuiQiuQp. 



[/J(v') + gr(v')^}' 



1.4-8 



wt = y(y')(u-v')t' 

Fqiuip ihiui puiduiGhpii[ (1.4 - 8)-h bpljpnpq h uinuighQ huii|uiuuipnLiSGhpp iShGp IjuinuiGuiGp huiuinuiuinLQ 
uipiuqnLpjnLLiLihpp qnnSuipuuiQ puiGiudhp. 



r(v')(u- v') 



bph iShGp huqiuiphpuiliuiG uipuiqnLpjniGGhpp huiGiiuiG h qnnSuiptiuiG qnpdnqnLpjniGGhpp G2iuqphGp hhinhjuq Iphpiq. 

u = w Q v 



1.4-9 



1.4-10 



Uiqui (1.4 - 5)-m\ h (1.4 - 9)-m\ inpihud huiuinuunniG uipuiqnLpjnLGGhph huiGuiuG h qmiSuipuuiG puiGuidhhpp qphpu[ 
lijLuiufiG h oquiuiqnpdhpii[ (1.4 - 10)-ni[ inpihnd G2uiqpmiSGhpp, lJhGp buinuiGuiGp. 



w v = 



y(v)(w-v) 

/J(v)+g/(v)-^ 

r(v')(u- v') 



1.4-11 
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1.5 - LiiuiiiujiuliiuG U]iiuqnipjniQQh]i]i Q-nuSiupiSiuG U 4,iuQi5iuQ PiuGiu&Lbpfi 



UjtfiS t[ bGpuiiiphGp np ifmpdQualpuQ tiuiuGpl[p iSpui^uiiJi inuipuidnipjuiQ ilhg 2UJpdil nil S t gunhujuiquiG lupuiqnipjuuSp U 
uijh ifinpdGuiquiG iSuiuGpl]]i lulpGpuippuijIiG lupuiqnLpjnLGGhpp K' U K pQhpgpiu^ hunSuil)iupqhpnnS iShQp QnijQujhu 
llQ2uiQuilihQp hunJuiiquiuiiuufuuiQuipuip u U w uiuinhpnij U rjpuiQg lJh&nipjniQQhpp ljnpn2illiCi hhuiUjua^ llhpu|. 

&r = u 
dt 

df = w 
dt 

Ip^hphGghpiil (1.3- 38)-ni[ inpi|iu& huilpuquipd dUuiipnJunLpjuiQ huii|uiuiupniiSGhpp puui t' dunJuiGuilifi U uijGinhri 
uihuvuiuihinil J't 1 uipdbpp (1.5 - 1 )-fig , iSbGp IpunuiGiuGp. 



I\ V u 

2 



4- = /»(v') + «r(v') 

dt c 

^- = y(v')(«-v') 

(1.5 - 2)-p hpqpnpq huiqMmiuipnLiJp puiduiGhpul umiugfiG huiqMmiuipiJiuG djiui iShGp quunuGuiGp uijrj iJmpdQuiliuiQ 
liuiuQplili ualiQpuippuijlili uapiuqnLpjnLQp A" pGhpgpuq huiiSuiqiupqli GqiuimSunSp , uipinuihiujinqMjifr v' U M 
lupuaqnLpjnLQQtipnil, npQ t^hhQg huiQqpuuiQnuS t hplim w L v uipuiqnipjniQQhpli qmiSuiptiiuG piuGuidLp. 



y(v')(M- v') 



"biiuiGuiiqhu qp^bptiGgtipid, (1.3- 38)-n4 inpqMjjfr mqpq dLuiifinlunipjuiG huiqMmiuipnLiJGtipp puui t duiiSiuGuiqli U 
uijQvnhq inhr[uiqphpii[ (-^J-)"! 1 uiptfhpji (1.5 - l)-lig, iShGp buuiiuGuiGp. 



dx' 
dt 



y(v)(w-v) 



(1.5 - 4)-p hpqpnpq huiqMmiuipnLiJp puiduiGhpiil umuigJiQ huiqMmiuipiJiuG djiui iShGp l|uuiuiQui(ip GmjG ifinpdGuiquiG 
liuiuGplifi iul|[ipuippuij|i[i lupiuqnLpjniQp K JiGhpgfiuiL hiutfuilpupqp GlpuuiiJuiiJp, uipuiuihuijuii|ui& v U w 
lupuaqnLpjnLQQhpnil, npQ t^hhQg huiQqpuuiQnuS t hplini vt> U v lupuiqnLpjnLGGhpp huiGiJuiG piuGuidLp. 



dx' 
dt' 



y(v)(w-v) 

/?(v) + gy(v)^ 



(1.5 - 3)-n4 U (1.5 - 5)-rRj inpqMjifr hpqm uipuiqnipjniQQhpli huiGiJuiG U qnitiiupiSuiG puiGiudUhpp qphpii[ tiJiuiupG U 
oquiiuqnp&hpii[ (1.4 - 10)-ni[ inpi|ui& G2uiqpniiSGhpp, tihGp quinuiGiuGp. 



u = w Q v 



y(v)(w - v) 
P(v) + gy(v)^ 



r(y>-y') 

P(v') + gy(v')^f 



GQqq&nnJ 1-12 - UbGp uibuGmd GGp np (1.5 - 6)-nd uipduid 1/uidui/uil/uiG uipuiqntp/ntGGbpfi huiGiSuiG b qniiSiupiSuiG 
piuGwdlihpp e>2qpfim bbpujm/ huidpGl/Gmd bG(l.4- \\)-ni[ uipduid huiuuiuimmG uipuiqmpjmGGbpli huiGdwG L qnidwpiSiuG 
pwGwdlihpfi Jibw: -ihuihuipuip wpwqnipjmGGhpfi huiGiSuiG b qniiSiupiSuiG pwGuidbbpp uuipji/uid jbG ujjG puiGjig pb wjq 
lupiuqmpjmGGbpp huiuiniuinniG bG pb qpuiGp niGbG buiduijuibuiG uiGGpuippuij/iG pGmjp: UjGujbu np wjq piuGuidbhpp tffeui 
GG U pGbpgfiui[ Jiuiduibuipqbpfi ppuip Gbuiuiduidp niGhgiud huipuipbpuibuiG uipiuqmpjmGGbpli huiduip, h ^uipdq'nq 
uinpdGuiqwG duiuGjiljli bwdwjmbwG wpwqmpjmGGbpli hwrfwp: 
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(1.5 - 6)-p ilhg uinuigpG huiipJiuiupniiSp piifrtqnil puin w uqiuiqiupjuiG U hpqpnpq huiqMmiuipnLiJp pn&hpiq' puui u 
uqiuiqiupjuiG, iShGp uiqGpiuppuijpG uipuiqnipjniQQhpp qmiSuipiJiuG U huiGiSuiG hiutfiup quinuiGiuGp GuiU hhinUjui^ puiGiudUhpp. 



w = u (B v = 



P(v)u + y(v)v 



u = w Q v 



r(v)(i-^) 
P(v')w + r(v')v' 

7(v')(l-g^f) 



Ujdil lJpuiupQ qpbGp (1.5 - 2)-p U (1.5 - 4)-p iSpiujG umuigpQ huiqMjiuuipniiJGtipp. 



= P(y') + gr(y') 
dt c 



l\ V u 

2 



dt 



lljGnihbuiL (1.5 - 8)-p umuagpQ huiqMmiuiptiuiG iShg qjipumhpiq' (1.3 - 26)-p U hpqpnpq hiuihmiiupiSuiG ilhg qppuintqnil 
(1.2 - 9)-p, tfhGp qmnuiGuiGp GwU hhinLjuq puiGuidLhpp. 



dt 
dt' 

dt' 



hpuip hhui puiqiSuiupuinqhpiq' (1.5 - 8)-n4 inpqMjifr hunluiuuipniiJGhpp huiiSuilpupqp umuagpG U hpqpnpq 
huiiluiuuipnLiJGhpp, iShGp quinuiGiuGp hhinLjuq umGyiipjniGp. 



«v')(l-<f^) 

v'w ~\ 
c 2 J 



= Piy){ i 



>(v') + griy')^- ][j8(v) + g/(v)^ ] 



l 



"biiuiGuiiqhu ppiup hhin puiqiJuiupmnl[tipi4 (1.5 - 9)-ni[ inpi|ui& hiui|uiuiupniiSGhpp huitfuilpupqp uinuigpG U hpqpnpq 
hunluiuuipniiJGhpp, iShGp quimuGiuGp GiuU hhinUjuiL uinGyupjinGp. 



/J(v)/J(v')(l-g^f-)(l-g^f) 



= 1 



>J.hphp2hpii[ (1.3 - 23)-p, iShGp (1.5 - ll)-pg IpunuiGiuGp hhinLjuq umGyiipjmGp. 



p{v)p(V) = r(v)r(v') 



i 



0-^)0-^) 



> 



frpuip hhin huiiShiSuiinhpiil (1.3- 34)-ni[ U (1.5 - 12)-ni[ inpi|ui& uinGynpjnLGGhpp iShGp IpiimuGuiGp hhuihjuq qhqhghli 
umGyiipjniGp, npp ppuip t Ipuupnu' hplpiL inuipphp JiGhpgfiuiL huitfiulpupqhpp Glpuuiu'uiu'p IpuJuijuilpuG uipuiqnipjuiilp 
2wpd4nq q^npdGmquiG uumGhl[h u h w mqhq lupiuqmpjnLGGhpp h GmjG hGhpgpuq huiiSuilpupqhpli Jipiup Glpuinu'uiu'p 
niGhguifr v h v' niqhq h huihrnrpupd huipuiphpuilpuG uipuiqnipjniGGhpp: 



0-^)0-^)^- 



c 1 



GQqq&nnJ 1-13 - bpb dbGp pGqniGbGp np ilinpdGwlpuG diuuGfilip K' pGbpgpui[ JiuiiSuil/uipq/i Glpumdiudp qinGi[nid t 
uiGjujpd i/pduipntd, uijupGpG u = 0, uiupn pGwlpuGwpwp wjG K pGhpgpiui huiduibiupqp Glpumdwdp 2iupdi[md t w = v 
huiuiniuinniG uipuiqmpjiudp U hhinhuipuip (1.5 - \T)-nd inpdiud puiGiudhp quinGmd £ (1.3 - 34)-nd inpdiud puiGiudhp, pub 
(1.5 - l3)-ni/ wpi/uid piuGiudbp ipunGmd t GmjGmpjniG: 
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1.6 - ^mgnpqiuliiuQ QUiuijinJunipjniQQh]i]i k]i]iiunnii5]i 

•SJuiGJi np, huiuiuduijG (pGqq&niu 1-2)-p, huipuiphpuiliuiGnipjuiG huiinnil) inhunipjuiG uhg hpuip dpuinuiuup 
huipuiphpuiliuiG 2uipduiuG uhg qinGihin pGhpgpiu^ hunSuil)iupqhpli umuiGgpuipi[hpli dhuiifinhinipjuiG huiihuuuipniu'Ghpp puin 
duuiuiGuilip U inuipui&nipjuiG niGhG qfruijhG liuihiihufrnipjniG, hhinhuipuip npuiGp iqtunp t puiiluipuiphG qfruijhG 
dhuiihnhinipjuiG pnpip hpiSGuilpuG ophGpGhpfiG: <uiuiuduijG qduijJiG dhuiihnhinipjuiG muMuihpuGuiliuiG ophGph - 
huipuiphpuilpuG 2uipduiuG huignpnuilpuG q&uijpG dhuiihnhinipjniGGhpp umuiguigGniiS hG uh Gnp GiiuiGuunhu] q&uijhG 
dhuiihnhinipjniG: 

flpiuhuqp lihGp uiiuuignighGp np (1.3 - 38)-ni[ inpi|ui& huipuiphpuilpuG 2uipduuiG dhuiihnhinipjuiG huiiluiuuipniuGhpp ^hG 
huilpuuniu q&uijhG dhuuhnhinipjniGGhpli mrihGiuhhuGuiliuiG ophGphG, uiupu npui huiiSuip IpuinuiptiGp hplpii huignpipulpuG 
dhuiihnhinipjniGGhp U upuhuiGghGp np uinuigihui} uipnjniGuipuip dhuuhnhinipjniGp GnijGiuhu l_hGh Gmj Guiinliiu q&uijfiG 
dhuiihnhinipjniG, uijuhGpG npu]huqh uijG niGhGui GmjG inhupp: Uju fiuiGuiuiiuphnil lJhGp IpjuipnipuGuiGp npn2h[ iJGuagua& 
uiGhuijin qnp&ual|pgGhpp uipinuihuijinnipjniGGhpp IpuiS uijn qnp&uilihgGhpp ilJigU qnjnipjniG niGhgnr[ uinGyiipjniGGhpn: 

1-pui huuJuip hGpuinphGp np inpihui) hG hphp K, K 1 h K" uiu[uiqiui5hui ui^l) hGhpgfiuiL huiu'uilpiipqhpp, npinhip 
huiuuiduijG (pGriqcmuJ 1-1 1)-h, K 1 JiGhpgfnuL hunJualpupqp K hGhpgpuii huiuuilpupqli Glpuinuuiup 211^1^1115 t V 
huiuiniuinniG uipuiqnipjunJp, Jiul] K" JiGhpgfiuiL hunJualpupqp K 1 JiGhpgfiuiL hunJiulpupqp Glpuuiu'uiu'p 2uipdipiiu t u 
huiuiniuinniG uipuiqmpjiuiJp U K JiGhpgfiuiL hunJiulpupqp Glpjiinuiuup 2uipdipiiu t XV huiuinuiinniG uipuiqnipjuiu'p: M^iuhu 
GuiU pnpip v, u h w huipuiphpuilpuG uipuiqnipjniGGhpp npuilpuG uhfrnipjniGGhp hG: 

UjdiJ oqim[hpu[ (1.3 - 38)-ni[ inpipjifr huipuiphpuiliuiG 2uipduuiG dhuiihnhinipjuiG huii|uiuuipniuGhppg , qphGp iJhpnhJyjuiL 
hphp hGhpgfiuiL huiu'uilpiipqhpp ninjiii U huilputpupd dhuupnhinipjuiG huiiluiuuipniuGhpp iSpujuiGg Glpuinuuiu hhinUjui^ hhpup 

♦ £>Liuipn[umpjiuG huiq'ujmiipmiSGhpp K' U K pGhpgpiui huiiSuihiupqhpp rfppL 

flinjiri dhuiihnhinipjniGGhp 

f t' = p(?)t+ g y(v)-^x 

I x = y(v)(x - vt) 

♦ QUiuipnpjmpjLuG himlimiuipmiSGhpp 

flinhq dhuiihnhinipjniGGhp 

f t" = p{ u y + grW-^x' 

I x" = y(u)(x ! - ut') 

♦ OliLuipnpjmpjuiG himlimiuipmiSGhpp 

fltghi] dhuiihnhinipjniGGhp 

f t" = p(w)t + 8r (w)^x 

I x" = y(w)(x-wt) 



<uiliuinuipd dhuiihnhinipjniGGhp 

t = P(v')t' + gr (v')^ T x' L6-1 
x = y(y')(x' -vY) 

K" h K' pGhpgpiui huiiSuihiupqhpp rfppL 

<uil)uinuipd dhuujinhinipjniGGhp 

t' = P{u')t" + gy{u')^x" 1.6-2 
x' = y(u'){x" -u't") 

K" h K pGbpgpuii hiuiSiulpupqbpp Gppli 

<uiliuinuipd dhuiihnhinipjniGGhp 

t= p(w')t" + gy( W ')^x" L6.3 

x = y(w')(x" -w't") 



flpuihq K, K' h K" pGhpgpui^ huuSuiliuipqhph v', u' h w' huil|uiquipd huipuiphpuiliuiG uipuiqnipjniGGhpp 
uipuiuihuijuinipjniGGhpp, huuJuiduijG (1.2 - 8)-h U (1.3 - 37)-h Gnp G2uiGuiliniuGhpp, lip>GhG. 

P(v) P(u) P(w) 

Imt[ (1.3 - 32)-nil uipiluid puiGuidhhpp l[ppuinhpii[ K, K' h K" JiGhpgfiuiL huiiJuil|uipqhpp nmfni h huilpuiuupd 
huipuiphpuiliuiG uipuiqnipjniGGhpli huuSuip, pG^uihu Guih GnijGuihu i[hphp2hpii[ (1.3 - 37)-Ji Gnp G2uiGuiljniuGhpp, lJhGp 
lluinuiGuiGp hhinhjuiL puiGuidhhpp. 
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r(v') 



riy) 

d(v) 

m. 

d(y) 



Pi"') 



r(u') 



/(«) 

d{u) 

m 

d(u) 



d(w) 



r(w ) - — — - 
n ' d(w) 



1.6-5 



Ujdil oqimlh[nil hphp pQhpgpiu^ hunSuil]iupqhpp (1.6 - l)-nij, (1.6 - 2)-n\[ U (1.6 - 3)-ni[ inpipu& nuihii U huilpurpupd 
6Luiipn]unipjuiG huupuuuipnru'utippg, IpuuiuiphGp dunSuiuuilip U uiuipui&nrpjuiG hplim hiugnprpulpuG dUunpnJunipjnrGGhpp 
pnpip hGuipuiihip ijhg muipphpunjGtipp: Ujq pnpip huignprpulpuG duuiipnfunrpjnrGGhpp Ipuuiiuphpirg hhinn uhGp buuiuiGiuGp 
v, u U w nrriJiri mpmqnipjniGGup U rpimGg hmlimrpupd v', u' U w 1 uipuiqnrpjnrGGhp upupmGuilpiq qnpfruilipgGtipp upgU 
brpufr pnpip uinGyirpjnrGGbpn: 



1. OqwUhGp (1.6- l)-ni/ uipi/uifr duiifuiGuil/p L inmpmdmpjmG mqpq dhmipnpimpjmG huuliuuiupmiSGbppg 



Ipui hunSuip (1.6 - 3)-ni[ uipi|ui& huilpurpupd dUuupnfunrpjuiG hunpnuuipniuGtippg f-p U x-\i uipuiuihuijuinrpjnrGGhpp 
uihrpuqphpiil (1.6 - l)-nij uipipui) duiuuiGuilip U uiuipui&mpjuiG mnjiq dUuupnJunipjuiG huiipuuuipnru'Gtipp uhg, lJhQp 
IpiuiuiGuiGp. 

t< = [p<y)p{w')- gAvMw')^]t" + gy{w')[p{v)^ + r{v)j T y 



x' = j^j^^l-g^y -j{v)[j{w')w' + f}{w')v]t" 



1.6-6 



(1.6 - 6)-n4 uipipufr dUuaipnJunipjniQQhpp uipuiuihuijuinrpjnrGGhpp huiiStuSuiurtipir[ (1.6 - 2)-nr[ mpr|ui& t' dunJuaQuilip U 
x' uiuipui&nrpjuiG huilpurpupd dhunpnpinrpjuiG huupuuuipnriJGtipp hhui U ppiup hiuiluiuiuphg GhpiiJ f"-|r U x"-p 
qnpduilipgQhpp, uhGp buuiruGuiGp hhrnhjui^ umGyirpjnrGGtipp. 

chutfuiGruljli dlLunpnpinrpjnrGlig Suipui&nrpjuiG dhunpnpinrpjnrGJig 

P(u') = P(v)P(.w')-gr(.v)r(.w') y ^ ( J r(u') = r(v)rW){}-g^r) 1.6-7 

y{u')u' = y(w')[P(y)w' + y(v)v] y(u')u' = y(v)[y(w')w' + P(w')v] 



2. OqinilhGp (1.6- l)-ni/ wpi/ui& duiifuiGiul/fi L inmpmdmpjmG hiulpuqmpd dhmipnpimpjmG huuliuuiupmiSGbppg 



1-pui hmuuip (1.6 - 2)-nr[ mpr|ui& huilpiinuipd duuupnJrinrpjuiG huirpiiuuipnriSGhppg f'-Ji U x'-p uipuiruhuijurnrpjnrGGhpp 
urhrpuqptipril (1.6 - l)-nrl uiprpuir duiiSuiGuiljlr h muipui&nrpjuiG huilpurpupd dhunpnpinrpjuiG huupuurupnriJGtipp iShg, tihGp 
lluuruiGruGp. 



[j3(v W) " g7(v')y(u')^f ]t" + g -L r (u')[f3(v')u' + y(v')v']x" 

y(v')r("')(i - s^fy - r(v')[y(«')«' + ««>']*" 



1.6-8 



(1.6 - 8)-niJ uiprpuir dUuupnJunipjmQQhpp uipuiruhuijurnrpjnrGGhpp hruiShiSuiurhprr[ (1.6 - 3)-nr[ rnprpirfr t duuiuiQuil|p h 
x rnuipuifrnrpjuiG huilpnrpripd dhrurpnprnrpjruG huirpiiuuipnriSGhpp hhm U ppuip huuluiuuiphg Qhpii[ t"-\i U x"-h 
qnpduilipgQhpp, uhQp IjuuiuiQuiQp hhuiUjui^ umQ^nipjmQQhpp. 



chuu'iuSuiljp dUuupnpinipjniGpg 



/?(w') = i 3(v')/?( i( ')-gr(v')7("') XiL 
y(w')w' = y{u')[f}(y')u + /(v')v'] 



Suipui&nipjuiQ dUuiq^nlunipjniSpg 

r ( w ') = r(v')r(«')(i-^) 

/(w'Jw' = y(v')[y{u')u' + /3(u')v'] 



1.6-9 
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3. OqmdbGp (1.6 - 2)-ni[ mptiiiicr diuGuiGuil/p b iniupiudmpjiuG mqpq dbiuifinpjmpjiuG himluiuuipmiSGhpfig 

'l-pui hunJuip (1.6 - l)-ni[ uipi|ui& niripri dUuiipnJunLpjuiG huuluiuuipniuGhppg f'-p U x'-p uipinuihuijinnipjniGGhpp 
mhnuinphpiil (1.6 - 2)-n4 mpipufr duiuuiGuilili U uiuipui&nipjuiG mqpri dLuupnJunipjuiG huii]uiuuipniu'Gtipp uhg, iSUQp 
IpiinuiGuiGp. 



x" = j(v)j(u) (1 -g^t)x- r(«)[j3(v)« + y(v)v]» 



1.6-10 



(1.6 - 10)-nil inpipufr dLuiipnpinipjniGGtipp mpinuihuijinnipjniGGhpp huiuhuuiinhpiil (1.6 - 3)-ni[ inpi[ui& t" duiiiuiGuilip 
U x" inuipui&nipjuiG mqpri dLuupnJunipjuiG huiipiiuuipniu'Gtipp hhin U ppuip hiuiluauuiphg QhpiiJ f-p U x-p qnpfruilipgGbpp, 
iShGp liuuiuiGuiGp hhuiLjuq uinGyiipjniGGhpp. 

chuuuiGuuip dLuupnJunipjniGpg Suipui&nipjuiG dLuupnpinipjniGpg 

P{w) = P{v)f}(u)-gy(v)y(u)^- f y {w ) = 7 (v)/(«)(l - g-jf) 1.6-11 

y(w)w = y(v)[y(u)u + P(u)v] y( w ) w = y{u)[ji{y)u + y{v)v] 



4. OqinGbGp (1.6 - 2)-nG inpGwd duiGuiGiul/fi b mmpuidmpjuiG hmhmqmpd dbmGinpjmpjiuG hiuGwuiupniGGbplig 



Ipui huitiuip (1.6 - 3)-ni[ inpi|ui& ninjiq dUuiipnJunLpjuiG huii|uiuuipniuGhppg f"-p U x"-p uipinuihuijinnipjniGGhpp 
mhnuinphpiil (1.6 - 2)-n4 inpipufr duiuuiGuilili U inuipui&nipjuiG huilpunuipd dLuupnJunipjuiG hiuiJiuuiupnLu'GQpp uhg, uMp 
IjuuiuiGuiGp. 



t = 



[p(u')P(w) - gy{u')y(w)^]t + g J^ 7 (w)[/?( M > + y(u')u']x 
x' = y(u'Mw)(l-gM^Ly-y(u ! )[y(w)w + p(w)u']t 



1.6-12 



(1.6 - 12)-niJ uipijuii} dUuaipnJunipjniGGhpp mpmuihuijumipjniGGhpp huiuhuuiuihpiij (1.6 - l)-mj inpijuifr t' dunJuaGuilip U 
x' inuipui&nipjuiG niqpri dLuuJinJunipjuiG huuJuiuuipniu'GQpJi hhin h hpuip huiijuiuuiphg GhpiiJ f-p h x-p qnp£>iub,hgGhpp, uhGp 
IpunuiGuiGp hhinhjuiL uinGyiipjniGGhpp. 



cf"unSuiGuil|p dhiuihnJunLpjniGJig 

P(y) = p(u')P(w)-gy(u , )y{w)Mlf. 

y(v)v = y(w)[P(u')w + y(u')u'] 



Suipui&nipjuiG dhuuhnJunipjniGJig 

r(v) = r(«')rw(i-^ ) 

7(v)v = y{u')\y{w)w + f){w)u'~\ 



1.6-13 



5 . OqinGbGp (1.6-3) -nd inpduid duiGuiGiul/fi L muipmdmpjuiG mqpq d LimfmpjmpjuiG hwGwuwpm GGbpjig 



1-pui huiiSuip (1.6 - l)-ni[ inpijuifr huilpiiniupd dhuuhnJunipjiuG huiiJuiuuipniuGhppg f-p h x-Ji uipiniuhiujinnLpjniGGhpp 
uihnuinphpiij (1.6 - 3)-niJ inpijiu(> diuuiuGuilih U inuipui&nipjuiG mqjiri dhuiihnJunipjuiG hiuiJiuuiupnLu'Ghpp uhg, iShGp 
quinuiGuiGp. 

t" = [p(v l mw)-gy(v')y( W )^y + gj T y(v')[y(w) W + P(w)v']x' 
x" = 7(v')rW(l-gJ^f)x'-y( W )[jS(v')w + y(v')v']f' 



1.6-14 
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(1.6 - 14)-n4 inpihui) dhunhnJunipjniGGhpp uipuiiuhiujuinLpjniGGhpp hiuiShiSiuuihpnl (1.6 - 2)-n\[ inpihufr t" diui5iuGuil[h 
h x" iniupiu&mpjiuG mqpq dhunhnhinipjuiG huuhuuiupniu'Ghpp hhin h hpiup hiuihuuuiphgGhpiil f'-h h x'-h qnp&iuqhgGhpp, 
dhGp huuiiuGuiGp hhmhjiu^ umGyiipjniGGhpp. 

chuuuiGiuljh dUuaipnJunipjniQpg SiupiufrnipjiuG dhiuihnlunipjniGpg 

P(u) = P{v'mw)-gj{v')j{w)^J- ^ f y ( M ) = y ( v ') y(w )(l-gJ^ 

y(u)u = r(v')[y(w)w + j3(w)v'] y{u)u = y(w)[P(v')w + /(v')v'] 



6 . OqwilbGp (1.6-3) -nil inpilwfr dwiSwGiuljp L inuipuidmpjuiG hmhmipupd d LimpnpjnipjuiG hmilmumpm iSGhppg 



'l-piu hunJuip (1.6 - 2)-ni[ inpihufr ninjiij dhuuhnJunipjiuG hiuihuuiupniiSGhppg f"-p h x"-h uapinuihuijinnLpjnLQQhpp 
inhquaqphpuj (1.6 - 3)-niJ inpipiifr dunSiuGuihh h inuipui&nipjuiG hiulpurpupd dhunhnhinipjuiG hiuipiiuiupnLu'Ghpp iShg, iShQp 
h,uuiuiQiuQp. 

t = [/}(u)P(w') - gy(u)y(w')^y + g-i-r(«)[r(w>' + f)(w')u]x' 

x = y(«)y(w')(l - S 1 ^-)^ ~ r(w')W(«V + y(u)u]t' 

(1.6 - 16)-nil inpipnfr dhunhnhinipjuiG uipiniuhuijinnLpjnLQQhpp huiiShiSuiuihpiil (1.6 - l)-ni[ inpi|ui& t diuiiuiGuihh h x 
inuipuifmipjuiG huihuiquipd dhunhnhinipjuiG huii|uiuuipniiSGhpp hhin h hpiup hunpiiuuiphg Ghpnl r'-h h x'-h qnp&uihhgGhpp, 
iShQp IjuiniuQuiQp hhuihjuq uanG^nipjniGGhpp. 



chuiSuiGiulip dhunhnlunipjniQhg 



P( V >) = P(u)f}( W ')-gy(u)y(w>)^ 



y(v')v' = y(u)[y(w')w' + P(w')u] 



Suipiu&nipjiuLi dhunhnlunipjniQhg 

y{v') = y{u)y{w')(\-g^ 

/(v')v' = y(w')[P(u)w' + y(u)u] 



UjuuihuniJ, hphp JiGhpgpuq hunSuilpiipqhpp iSpgh lJhQp IpuiniuphghGp duiiSuiGuihh h inuipui&nipjuiG pnpip hGuipunhip 
huignprpailpuG dhuiihnJunipjniLiLihpp h uinuaguiGp 24 hiuin uinG^nipjniGGhp: Oqinilhpnl uajq huiipnuuipniu'Ghppg, huignpri 
puidGniii, iShGp liljuiuiuiphGp Ipuphnp hhuihnipjmGGhp: 



1.7 - kiupUnp ^builjmpjniGGbp <m2npip_ut[iuG QUiuijinJunipjniQQhp.]i k]ipiunnii5]ig 

UjdiS (1.6 - 9)-Ji duiiSuiGuihh dhuiihnJunipjniGpg uiniugipnfr hpljni huai|uiuuipniiSGhpp ilhg mhrpuriphpiil (1.6 - 4)-ni[ 
inpipiifr luuiqunhip uipuiqnipjniGGhpp h (1.6 - 5)-ni[ inpipiifr hiuiquiihip lupiuqnipjniG iquipniGuilinri qnp&uihhgGhpp 
uipuiuihuijuinipjniGGhpp, pG^iuhu Giuh Ijuiuiuiphpiil npn2 hpfiuiuiniu'Ghp, iShGp huunuGiuGp hhinhjuq bpljni uinGyiipjniGGhpp. 

d(w) 



y(w)w 



d(v)d(, 
d(w) 



d(v)d(u) 



y(v)[y(u)u + P(u)v] 



(1.7 - l)-p uinuigpG hunjuiuuipmiSp huiiShiSuiuihpiil (1.6 - 1 1 inuipuiihiLpjuiG dhuiihnfunipjniGpg uinuigipni} uinuigJiG 
huiipiiuuipu'uiG hhui IjuiiS (1.7- 1 )-h hpljpnpri hunhnuuipniiSp huiiShiSuiuihpnl (1.6- 1 1 duiiSuiGuihh dhuiihnJunipjniGpg 
uinuigihu& hpljpnpri huiihnuuipiSuiG hhin, dhunhnhinipjuiG npn2Ji^Ghpp hunJuip L5hGp IjuiniuGiuGp hhinhjuiL uinGyiipjniGp. 



d(w) = d(y)d(u) 
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Ujth5 Jipuip huHluiuuiphgQhinil (1.6-7)-mi, (1.6-9)-nil, (1.6 - ll)-ml, (1.6 - 13)-nil, (1.6 - 15)-nil U (1.6 - 17)-nil 
uipijuii) hunluiuuipniiJQhpp hunSuiliiupqhpp hplipnpr^ hiuilumiupniiSGtipp uig limpSp uipuiuihuijuinipjniGGtipp U Ipuuiuiphpnl 
liJiUGnyG lupuiqnLpjniGp U uijn. uipuiqnipjniQp upupniGuilinri qnp&iulipgGhpp JuupuiGnpniu', iShGp IpunuiGiuGp hhinUjiu^ Ghg 
uin Gynpj ni Q Ghpp . 



1) 



2) 
3) 
4) 
5) 
6) 



P\ v ) Y\ v ) _ 




y(v)v 


y(w')w' 


j8(v')-r(v') _ 


/»(«')-/(«') 


y(v>' 


y{u')u 


P(v)-y(v) _ 


P(u)-y(u) 


y(v)v 


y(u)u 


««')-r(»') 


_ P(w)-y(w) 


7(m')m' 


y(w)w 


«v')-r(v') 


P(w)-y(w) 


y(v')v' 


y(w)w 


j8(w')-y(w') 


_ P(u)-y(u) 



1.7-3 



y(w)w y(u)u 

hu\\ oquiGhpnl (1.6 - 4)-nG_ U (1.6 - 5)-nG_ inpGuii) puaQuidUhpfig, hh2in t hiuunqGhL hhinUjuiL uinGynpjnLGGhpp fi2 mnl PJ UJ Q 



P(y')-y(y') 


0(v) - y(v) 


y(y')v' 


y(v)v 


««')-/(»') 


P(u)-y(u) 


7(m')m' 


y(u)u 


j8(w')-y(w') 


_ P(w)-y(w) 


7(w')w' 


y{w)w 



1.7-4 



UjGnihhinL (1.7 - 4)-ni[ inpi|ui& uinGynpjnLGGhpp lijipuanhpiij (1.7 - 3 dbg, iShGp IpunuiGiuGp iSJuujG iShli uinGynpjniG, 
npp lpu[iii|ui& ninjiri IpjiiS huilpurpupii lupuiqnLpjmGGhppg: UjufiGpG uijr^ uinGynpjniGp iSGnuJ t GnijGp liunJiujuiliiuG 
(v, u, w) ninJiri uipuiqnipjniGGhpli U qpiuGg huiljuiquipd (y',u',w'*) mpmqnLpjniGGhpp huiuuip: •ihinkuipuip uijrj 
umGynpjniGp iqhinp 1 p^Gp huiuinuiinniG iShfmipjnLG, npp U iShGp Ip^uiGuuqhGp <2 inuinuiG^uiGml hhinUjuiL Ijhpui. 

m-m = PM - rM = PM^lM = ^') -/("') = /?("')-/(«') = P(»')-y&') = i = hluuimmnmQ 

y(v)v 7(m)m y(w)w y(v') v ' y(u')u' y(w')w' 2 " 

•fiuiGp np, huiuui&uijG ( pGqq&niiS 1-10 )-p, /? U J qnpduilipg Ghpp ^uitfinquilpuGnLpjnLG ynGhG, uiupu pGuilpuGiupuip 
(1.7 - 5)-n4 inpGuifr umG^nipjniGp niGp uipuiqnipjuiG huilpurpupd ^uupnrpulpuGnipjniG U hhinUuipuip uijn Gnp < 2 
huiuinuiinniG tfh&nipjniGp hiupuiphphpn[ infihqhpuilpjjG c uipuiqnipjuiG hhin iShGp Ipupnq hGp UijG qph[ hhinUjuiL Ipjpup 



1.7-5 



<2 



1 



1.7-6 



flpinhq .S'-p dunSuiGual|uiuiuipui()nLpjuiG hplipui^unpuiliuiG lpunnigi[ui&pp pGmpuiqpnq iSp Gnp huiuinuiinniG dh&nipjmG t 
U uijG pnpip JiGhpgliuiL hunJualpupqtipnLiJ niGJi lSJiUGnijG uipdhpp: (1.7- 5)-m[ inpUuifr uinG^nLpjniGp qphpii[ iIJiuxjQ ninfiri U 
iSJiuajG huiliuartuipd lupiuqnLpjnLGGhpp hunJuip, iShGp IjuinuiGuaGp hhinkjui^ hplini uinG^nLpjniGGhpp. 

r 



P(y)-y(y) _ p{u)-y{u) _ P(w)-y(w) 



1 



y(v)v 

jg(y , )-y(y') 

y(v')v' 



y(u)u 

P(u')-y(u') 
y(u')u' 



y(w)w 

P(w')-y(w') 
y(w')w' 



1.7-7 



Lni&hpul (1.7 - 7)-n4 inpijuid umuigJiG hunluiuuipnLiJGhpp ft qnpfruil]lig Ghpfi GliumnSunSp iShGp l|uinuiGuaGp hhinUjiu^ 
qhqhgfill puiGuidUhpp, npnGp (Jp2ui hG IjunSuijualpuG nmfiri uipuiqnipjniGGhpli hunSuip. 
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«v) = r(v)(i + *■?■) 
P(«) = r(«)(i + *£ ) 
« w ) = r(w)(i + 5^-) 



1.7-8 



"bniGiuhu lni&binil (1.7 - 7)-niJ umihu£> hplipnpq huii|uiuuipniiSGtipp /? qnp&uiqpgGhpp Gquiinuuiup, (1.7 - 8)-pG 
hiuuuiGiSiuG, iShGp liuinuiGuiGp hhinUjiu^ puiQuidUhpp IpuiSuijuilpuQ huilpuquipd uipuiqnipjniGGhpp hunSuip. 



«v') = r(v')(i + *^ 

P(«') = r(«')( 1 + , T-) 
«w')-y(w')(i + ^) 



1.7-9 



ji qnpfruiqpgGhpp lupinuihuijinnLpjnLQlihpp (1.7 - 8)-pg uihquiqphpul (1.6 - 4)-n4 uipihufr huilpurpupd uipuiqinpiniGGtipp 
puiGuiduhpp iShg, uMp IpiinuiGuiGp hualpurpupd uipuiqnipjuiG Ipuiqp mqpq uipuaqmpjuiG hhui. 



l+,f 



(1.7 - 10)-nil uipihufr puiGuidLhpp piL&hpiil puin mqfiq uipuiqmpjmGGhpp, iShQp IpiinuiGuiGp. 



1 + ,^ 



UjQnihhuih (1.6 - 5)-ml uipihufr huiihuuiupmu'Ghpp huiiSuilpupqbpp umuigpG U bplipnpq hmduiuuipmiSGhpp ilhg 
uihquiqphpiq' (1.7 - 8)-ml U (1.7 - 9)-ml uipihufr /3 qnp&uiqpgGhpp uipinuihuijinnipjmQQhpp, pQ^iqhu QuaU oqinqMipiil 
(1.3 - 30)-pg, iShQp IpiinuiGuiGp hhinUjuq uinGynpjmGGhpp. 



y(u') 



/(«) 

d{u) 



(1.7 - 10)-Ji, (1.7 - 1 1 )-Ji U (1.7 - 12)-p huuSiuuihq lippummiSpg iShGp liuinuiGuiGp hhuiUjuq^ uinG^nipjniGGhpp. 



y(v>' 



7(v)v 



rf(v) 



7(v)v 



rf(v') 



y(v')v' 



y(u')u' 



y{u)u 



1 



y{u)u 



d{u') 



—y{u )u 



y(w')w' 



y(w)w : 



d(w) 



y(w)w 



d(w') 



j- y(w )w 



J^puip hhui puiqiSuiuiuunlihpiil (1.7 - 10)-ml h (1.7 - ll)-nij uipipiifr puiGiudhhpp, iShGp ljuiiSiujuil[iuG w U w' mqhq h 
huilpuquipd uipuaqmpjuiG huuJuip liuinuiGuiGp hhuiUjuii^ umG^nipjniGp. 

(l + ^)(l+^) = l 

Oqinq'hpiil (1.7- 10)-pg, GmjGuihu ljunSuijuil|uiG w uipuaqmpjuiG hunSuip, tihGp liuinuiGuiGp hhinUjuiL uinG^nLpjnLGGhpp. 



1 + -ks-^- 

2 C 



1 + -Lj-St- 
2 C 

1+5^ 



1 + ; 



1+^ 



4,iuiSiuuihq lippuanhpiil (1.7 - 12)-p h (1.7 - 15)-p hpljpnpq huiqMjiuuipmu'p, IpuuuijuilpuG w UipuaqmpjuiG huuJuip tfhGp 
liuinuiGuiGp hhinhjuq Ipuphnp uinGynpjmGp. 



y(w ' ) (i + | 5 ^L) = _J_ y(w)(1 + i.,^. ) 



1.7-10 



1.7-11 



1.7-12 



1.7-13 



1.7-14 



1.7-15 



1.7-16 
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Fmq (1.3 - 34)-p ilhg inhnuinphpii[ (1.7 - 8)-ni[ U (1. 7 - 9)-n\[ inpUuifr /3 qnpduilipyQhpp uipinuihuijumLpjnLGGhpp, 
IpjjuuijunpuG w uipuiqnLpjuiG huiuuip uhQp buinuiGuiGp hhinhjuiL uinGynpjniGp. 



7(w)r(w') = PMPW) = 



i 



> o 



c c c 

(1.7 - 17)-|ig hhinUniiS t QuiIl, np qunSuijuilpuQ w> U w' niqfiq h huilpurpupd uipuiqnLpjuiG huiuuip tiffin inhqp niQp 
hhinUjuq umGyiipjniGp. 



bph uijchS (1.3 - 28)-niJ h (1.3 - 31)-niJ inpihui) npn2fi^p uipinuihuajinnipjniQQhp|i uhg inhquiqphGp /3(v)-|i 
uipinuihuijumLpjnLGp (1.7 - 8)-pg h /3(v' uipinuihuijinnipjniGp (1.7 - 9)-Jig, JiG^iqhu GuiU Uhphfybpul (1-3 - 29)-p U 
(1.3 - 37)-p, uiupu uhGp d{v) h rf(v') npn2p^Ghpp huiuuip buinuiGuiGp Guih hhinhjuiL puiGui&hhpp. 



rf(v) = 7 2 (v)(l+.^)(l-g-^) *0 
d(v) = r \v){\+s^+g^j * 



d(v') = 7V)(l+.4)(l-£-^)*0 
4v') = 7 2 (v')(l+^+S^) *° 



l^puip hhin puiquuiuiuiinljhpiil (1.7 - 19)-nil inpihui) huiihuuiupniuGhpli huiuuiliuipqhpli bplipnpij huiihuuuipniuGhpn h 
uijGnihhinh oquu[hpul (1.3 - 30)-pg h (1.7 - 17)-pg, uhGp buinuiGuiGp hhmhjuiL huiuui^uiih umG^nipjniGp. 



(l + ^ + ^)(l + ^ +g f)^(l-^) 3 



1.7-17 



1.7-18 



1.7-19 



1.7-20 



Ujdu (1.3- 35)-ni[ inpi|ui& npuiliuiG h puiguiuuilpuG &huufmlunLpjnLGGhpp uiuijuuiGfi uhg uihnuiqphpul IpuuuijuituiiG w 
uipuiqnLpjuiG huiuuip fi(w) h P(w') qnpduiqjig Qhpfi uipinuihuijumLpjnLGGhpp (1.7 - 8)-pg h (1.7 - 9)-hg, hG^ujhu Guih 
ilhphfybpiil (1.3 - ll)-p, iShGp quinuaQuiQp hhinhjuiL Qnp upujuuiGGhpn. 



l-puiquifi &huuhnJunLpjniGGhp 



PuiguiuuilpuG &huiihnJunLpjnLGGhp 



1 +sf - > 
1 +s^- > 



1 < 

1 +s^- < 



1.7-21 



UjQnihhinU oqinq , tqni[ (1.7 - 21)-ni[ inpi|ui& npuiliuiG - puiguiuuiquaQ cihuiihnJunLpjnLGGhpli Qnp iquijuuiGlig U 
(1.7 - 17)-n\\ inpihufr umGyiLpjnLGhg, Ipupnn hGp hqpui Ipug GI4 np IpuiSuijuiliuiG uipuaqnipjuiQ huiuuip npuiliuiG h puiguiuuiquiQ 
dkuiilinlunipjniQQhpli upujuuiGp uhGp quipnq hQp qph[ Guih uhuiuhG hhinhjuq bhpu[. 



IpuilpuG cihuiihnJunLpjnLGGhp 




PuiguiuuiquaQ (ihiuihnlunLpjnLGGhp 




' 1+sf- > 




r l+s^- <o 


■ 


^ ! + + >o 


u 





1.7-22 



OquulGpu[ (1.7 - 19)-niJ inpihui) huuhiiuuipniiSGhpli huiuuiliuipqhpli hpb,pnprL huu[uiuuipniuQtippg, pG^uihu QuiU 
huuSuiduijQ (1. 1 - 20)-)i Q (1.7 - 22)-p, qpuiquiQ U puiguiuuiliuiQ dUuufinhinipjniQQhpli uiuijuuiQp, uhQp quipnq hQp npn2h^ 
y(v) h 7(v') qnpduilifig Qhpfi uipuiuihuijuinLpjnLQQhpp qpuiquiQ U puiguiuuiliuiQ dUuufinhinipjniQQhpli huuSuip hhinUjuq l)hpu]. 



^puiljuiQ dhuiipnhinipjniQQhp 



r(v) 



r(v') 



> o 



PuiguiuuiliuiQ dhunjinhinipjniQQhp 



> 



y(v) 



r(v') 



> o 



> o 



1.7-23 
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CQqq&niii 1-14 - &dnnS t pt puiGmbrnG t (1.7 -23)-fi ifb? pGqniGbi d(y) = +1 (Ipuil np GnijO t pGqniGbi rf(v') = ±\) 
b dbGp hhjuimpjwdp biupnq hGp npn^hi y(v) qnpdmbgp mpdbpp (Ipud y(v') qnptiiuljgp mpdbpp): Piujg dpG^b dbpp 
UGbbqd jpGbpii hiuiSiup ipbrnp t uiub[ np d{v) = ±1 pGqniGbpiipjmGp biudiujiubuiG tb^p ppjmd (1 - £)-ni[ wpi/uid 
■iwjbuil/wG hiupiupbpiubiuGmpjiuG hiuinmlj whumpjiuG hpdGwqpmjpGbppg: ■ibwbuipuip y(y) qnpdiuqgp uipdbpp qmGbmi 
huiduip dbGp igbmp t npnGbGp iShb uij[ fiwGiuupuph, npp bp[up dbp huipuiphpiulpuGmpjiuG hpdGwqpmjpGbppg: 

Oqimlhiml (1.6-7)-ml, (1.6-9)-ml, (1.6- U)-mi, (1.6 - 13)-nil, (1.6 - 15)-ml U (1.6 - 17)-ni[ inpihufr 
huiihiiuuipniu'GQpp huiuuilpupqtipp uiuipuifrnipjuiG duuiq'inJunipjuiG huuluiuuipniuGhppg U upljpnpn huiiluiuuipniuGhpp 
puiduiGhpu[ uinuigJiG huuhiiuuipniuGhpp ihiui, pG^uihu GuiL oqinuiqnp&tipiq' (1.7 - 8)-niJ U (1.7 - 9)-niJ inpihufr puiGuidUapn, 
uhGp buuiiuGuiGp (v, u, U (V, u' , w') huipuiphpuiliuiG uipuiqnipjniGGhpp iip§u qnjnipjniG niGhgmj pnpip uinGyiipjniGGhpp: 

♦ (1.6 - 9)-m/ b (1.6— ll)-m/ mpi/iud mwpwdmpjuiG dbwipnpjmpjwG hiudiuuiupmdGbppg, iSGGp buuiiuGuiGp 
w mnhq uipuiqnipjuiG huiuuip w' huilpunuipd uipuiqnipjuiG huiu'uip 

, u' + v' + s^- 1.7-24 



1-,- j_ g _^ 

♦ (1.6 - l)-nU b (1.6- l5)-m/ wpi/uid muipuidmpjuiG dbimpiifumpjuiG huiduiuuipmdGbppg, dbGp liuuiiuGwGp 
u ninhq uipuiqnipjuiG huiuuip u huilpunuipd uipuiqnipjuiG huiu'uip 



u 



w + v' + s^- , w' + v + s^- 1.7-25 



c 



♦ (1.6- 13) -mj b (1.6- 17 ) -m/ wpi/uid imupuidmpjuiG dbimpnpjmpjiuG PuiduiuuipmdGbppg, dbGp 
IpiuiwGwGp 

v ninhij uipuiqnipjuiG huuSuip v huiliuinuipd uipuiqnipjuiG hunJuip 



v = 



w + u' + s^- , w ' + u + s^- 1.7-26 



c z c 1 



Oquiq'hpi^ (1.7 - 10)-ni[ inpihiifr huilpunuipd uipuiqnipjniGGhpp bmil (1.7 - ll)-ni[ inpi|ui& nirjhri uipuiqnipjniGGbpp 
puiGiuduhppg, uhGp (1.7 - 25)-ni[ U (1.7 - 26)-ni[ inpi|ui& uipuiqnipjuiG dhuuhnhinipjuiG puiGuidUhpp, (1.7 - 24)-pG 
huiuuiGuuiG, liuipnij hGp GnijGuihu uipuiuihuijuihL Ijuiu upuijG ninjiq uipuiqnipjniGGhpnq' U IjuiiS ti lifiuajQ huilpunuipd 
uipuiqnipjniGGhpnil, JiG^uihu gmjg 1 uipihiifr umnpU: 

♦ (1.7 - 25)-p uipmwhwjmduid dpwjG mqfiq l/uid dpuijG hiubiuqiupd uipuiqnipjmGGbpnd, IppGp 
u ninhij uipuiqnipjuiG huuSuip u huiliuinuipd uipuiqnipjuiG huiu'uip 



1.7-27 



L C 1 C o c 2 

♦ (1.7 - 26)-p lupmwhuijmdiud dpwjG mqpq Ipud dpuijG hwbiuqiupd uipiuqnipjmGGbpnq', IppGp 

v ninjiij uipuiqnipjuiG huuSuip v' huiljuinuipd uipuiqnipjuiG hunJuip 

= w-u u / = w'-u' 

1 4- c " 4- a MW , ,/ u'w' 



1.7-28 
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(1.7 - 24)-Ji diuju Ipiqtili hiuihuuiupniiSp iJhGp Ipjipnq hGp huiuuqitq npiqhu hpbni mqjiq uquuqnLpjnLGGhpp qniiSuipiSiuG 
puiGiudh, npp Ipupnq hQp qptq hhinhjuq bbpiq. 



w = u ffi v = 



u + v + s-^ 



I^uq (1.7 - 27)-p diuju IpiqiJJi hiuihuuiupniiSp iSUQp Ipupnq hQp hiuuuqitq npiqhu hpbni mqpq uquuqnLpjnLGGhpp hiuGuuiG 
puiGiudh, npp Ipupnq hQp qptq hhuihjuq Ijhpiq. 



u = w Q v 



1 +s-7r +; 



1.7-29 



1.7-30 



GQn.q&nnJ 1-15 - (1.7 -29)-ni[ b(l.l -30)-mJ wpdwd wpwqmpjmGGbpp qmdwpdwG b hwGdwG pwGwdbbpp dbGp 
bwpnq tpGp uwiuGuii Gwb (1.5 - l)-p h (1.5 - 6)-fi wniugpG hwdwuwpmdGbppg, lujGwhri wbqwqpbpnl ji{v) qnp&wbgp 
mpmuihujjmmpjmGp (1.7 - 8)-pg: 

(1.6-7)-nil, (1.6-9)-nil, (1.6 - ll)-nil, (1.6 - 13)-nil, (1.6 - 15)-nil h (1.6 - 17)-nil uipihud imupiudmpjiuG 
dhuuhnpampjuiQ umuigJiQ hunhuuiupnLiSGhpp huiGqp.uuiGnLU' hG y qnpduiliJigGhpli pnpip hGiupiuihip dhuutinpanipjniGGhpp, 
npnGp iSpuiufiG qpq^ufr IqjiGhG. 



1) r ( v ) = 7 («')r(w)(i-g-^f ) 

2) j(u) = r (v')j{w){\-g^ 

3) r(w) = 7(v)y(")(l-£-p-) 



4) 7(v ') = 7 (i0rK)(i-^ i ^) 

5) j{u') = j{v)j{w'){\-g^ 

6) 7(>v') = 7(v')7(«')(l-g i J : ) 



1.7-31 



GQn.q&nnJ 1-16 - / qnpdwbpgGbpp b wpwqmpjmGGbpp huiiSuip dbGp Ipupnq GGp uinuiGuii pwqmiS wj[ 
wnGjmpjmGGbp, npnGp oqwwbwp IpfiGhG dbq «-iwjbwbwG -iwpwpbpwbwGmpjwG UbpwGfibwjfi ShumpjiuG» bwnmgdwG 
huiduip b qpwGg hbm pGpbpgnnp Ipupnq t &wGnpwGw[ ( hwi/b[i/w& 1 ) -mil: 

bi iphpgunqhu, (1.7 - 8)-m[ h (1.7 - 9)-n\[ inpi|ui& fi qnpfrmlip.g-;pnLGligliiujli uquniuhiujinnLpjnLGGhpp inhqiuqphpLq' 
(1.3 - 38)-n4 inpihufr huipuiphpuiquiG 2uqidu'uiG niqfiq h hiulpjaquqid dhuuJinJunipjuaG hiuihuuiupniiSGhpli iShg, lJhGp qpiuGp 
IpjjpiniuhiujinhGp lJhuijG J qnpfrml]gn4 p.G^iqhu gnijg t mpi[ui& uinnph. 



fliqp-q dhiuihnJunLpjnLGGhp 

t> = 7 (v)[(l + 4)»+^] 
x = y(v)(x- vt) 



•£,uilpuqiupd dhuiipnfunLpjnLGGhp 

( = y(v ')[(i +i zy +g ^] 

x = y(y')(x' -v't') 



1.7-32 



GQriq&nnJ 1-17 - (1.7 -32)-nd wpdwd huipuipbpwbuiG 2wpddwG dbwdinpjmpjwG huii[uiuuipniiSGbpp dbGp 
bwGdwGbGp - hwpwpbpwbwGmpjwG hiummb mbumpjiuG -iuijlpubuiG dbwipnpjmpjwG hwdwuwpmdGbp bwd bptfuun ' 
■iwjbwbwG dbwdmpjmpjwG hwdwuwpmdGbp, npmbq dbGp qbn u/bwp t npnjbGp y qnpcnubpg-$>mGbgpiujp 
uipunuhiujuimpjmGp: Ujq uiGhiujui qnp&wbpgp npn^bpn hwdwp dbGp iqbinp t oqinmqnpdbGp huipuipbpmlpuGmpjuiG 
hpdGwqpmjpp dbb wji " wdbuh pGnhwGmp diwuw, hwdwdw/G npp duiduiGwbuiuiuipuidmpjuiG dbp bpbm IpudwjuilpuG 
ujwwwhwpGbpp dppb bqwfr hbnwdnpmpjmGp mGp GmjG huiGpuihui2i[iubuiG uibupp pnmp pGbpgpwi huiduilpupqbpmd: fc 
dppp uijpig (1.3) puidGmd bfipwndwd hwpwpbpwbwGmpjwG hpdGwqpmjpp ±npu huunbmpjniGGbpp hwGqpuwGmd bG 
i[bpnG2jiui wdbGwpGnhwGmp hwpwpbpwbwGmpjwG hpdGwqpmjpp mwppbp dwuGwdnp qbwpbpp dpw/G: 
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1.8 - OiupchSiuG UQhiuiSiu^iuijinipjiuQ 4,iujuiGiupb]inuS|i t^Qh]ig]iiu[ 4,iui5iuliui]iqh]inii5 
U <LuLiLuq[ip t^Qh]ig]iiu[ 4,iuiSiut[iu]iqti]i]i Uiuhi5iuQnii5]i 

ajpqpqnuGhpp hhinuiqninniu hG ;ppqph,uijp inuipphp pGuiquuluinGhpniu liuipiSpQQhpp huijhRujpG uiGnpuinuipdi|ui& 
2uipdi5uiG huuJui^uuhnipjuiG upuhupuGuuiG huipghpp, npiqhuqh piifrhG puiqiJuippil inhuuilpuG JuGnhpGhp, hG^iqhu Guih uiijhiji 
puil huiulpuGuiG iJhq 2P2 ulu J ujmnr l U2luuinhn: 1-pui huitiuip inhuGhGp ph JiGiqhu t pu&ilnuS uijn JuGnppp ^uijlpulpuG 
huipuiphpuilpuGnipjuiG huunnil[ inhunipjuiG ilhg: 

( 1 . 7 )-pn puidGniu uip£}ui£}i|ui& hplpn JiGhpgfiuiL huiu'uiliuipqhpp ppuip Glpuinuuiiip niGhguifr muhu U huilpunuipd 
huipuiphpuilpuG uipuiqnipjniGGhpli puiguipduih, i5h&nipjniGGhp|i mGhuiiluiuuipnipjuiG huipgp uiGhpuidh2in t huiGquiuiuGnphG 
pGGuiplih^hhinuiqua luGhuaulpugnrinipjniGGhplig Juniuuuhhpii huiuuip: Uhp uinopjui ipnpdjig h ilfiQ^U uijdiJ pGnmGihiii} 
ui2P-iuaphfi JbhohlpulpuG pupnGniiJlig hhinGmiJ t, np hpuip Glpuinuuiup huiiipGpuig huipuiphpuilpuG 2uipduiuG uhg quiGipiil hphni 
JiGhpgfiuiL hunJiulpupqhpp muhu h huilpunuipd' (y h v'), huipuiphpiulpuG uipuiqnipjniGGhpli piugiupduiq lJh&nipjniGGhpp 
iqhinp t iJiGhG hpuip huuhiiuuip h npuiGp nupp|u l & ujhuip t ppGhG ppuip huilpunhp nuppnpjuiup: UuiphiJuiinhhnphG rpu 
uipinuihuijinihiiu t uijuiuhu. 



M^iqhu hphmu t (1.7 - 10)-nil h (1.7 - ll)-nil uipihiifr puiGuidhhppg, •iuijlpulpuG huipuiphpuiliuiGnipjuiG huiuinili 
uihunipjuiG i5hg, muMuipGnhuiGnip nhuipniiJ, huilpuruupd uipuiqmpjniGp ^p puuhiipuipniu huijh]JiuijpG uiGnpuiruupdu'uiG 
huiliui^uiipnipjuiG (1.8 - l)-ni[ uipi|ui& ophGphG, uijupGpG uijG Juuijuinihnu' t: Muupljh uijn ipuiuinp £p huilpuuniu' lJhp 
uinopjui hhGuuulinpdfiG, puijg fruijpuihhq upupuiquiGhpniu (<I>npp U.2fuuiphmu), hpp s * 0, uijG ^p uiuihupuGihiuS: 

CQn.q&nuJ 1-18 - -iuiljuiquipd uipuiqmpjmGGbpp uiGhuiGuijuiipmpjuiG ipuiump tffein t nj iSpuijG pGbpgpuii 
huiiSuibuipqbpp ppuip GlpumiSiuiSp mGbguicr mqpq b huibuiquipd huipuipbpuibwG uipuiqmp/uiG huiiSuip, uiji hiuiSiudwjG 
(pGqqdmiS 1-12) -p, wjG tffem t GuiL guiGbuiguifr pGbpgpuii hiuiSiulpiipqmiS buuSuijuibuiG juipdGnq ipnpdGuibuiG iSuiuGpbp 
mprnqmpjuiG b uijq ipnpdGuibuiG iSuiuGpbp huijbiuijpG uiGqpuiquipdduid ^uipMiuG wpwqnipjuiG hiuiSiup: 

•ihinhuipuip uhGp iqhinp t huyinilhGp uijG tiuiph hhui, np uiuhGuipGnhuiGnip ntuupniu (oppGuil) inuippuilpuG lSuiuGfupihpp 
pmjL ifinhiuiqnhgnipjniGGhpp nhuipmiJ h uijpG), uiuipuidnipjuiG huijhppuijhG uiGnpuiquipdiluii) 2>JJP<JuuiG (1.8- l)-ni[ uipi[ui& 
uipuiqnipjuiG huil|ui^uiitinipjuiG ophGpp h uij[ ^liqfiliuiljuiQ uhdnipjniGGhpp «uiliGhuijin» huiuui^uiihnipjniGGhpp l)uuS 
huiliui^uuhnipjniGGhpp GnijGuihu Ipupnq hG ^uiuihuiuiGi[h^: 

flpuihuqp quipnquiGuiGp 2uipniGuil)h^ huijhpiijhG uiGnpuinuipdihiii} 2 UJ P ( J UUJU uiGhuiuui^uiihnipjuiG ihuiuuifi puiGuilpulpuG 
hhuiuiqnuiniiJp, uhGp uihuip t uuihiJuiGhGp huiljuiqpp JiGhpgfiuiL huuJuil|uipqhpp, pG^u]hu Guih mqpq h huiliuinhp pGhpgpui^ 
huiuuiliuipqhpniu uphGnijG 5>pqph,uil|uiG lJh&nipjniGGhpp ppuippg uiuipphphpii huuJuip lJhGp ujhuip t uiuijuuiGuii[npilhGp 
oquiuiqnp&hL uiuipphp G2uiGuiliniuGhp: 

UujhiJuiQnuJ 1-2 - bpb IpuiSuijiulpuG K' b K pGkpgpiui huiiSuihiupqkpp (uipiph IpuiS duipjiph) rfkGp hwdwpbGp 
mqpq pGbpgpuii hiuiSiubuipqbp, uiu/ui uijq pGkpgpiui huiiSuihiupqkpp GkwiniSuuSp muipuidmpjuiG huijbiuijpG uiGqpuiquipdiluid 
(kpduim " huijkiuijpG uiGqpuiquipdu'uifr) pGbpgpuii huiiSuibuipqbpp dbGp buiGGuiGbGp hwljuiqpp pGbpgpuii huiduibuipqbp: bi 
npufbuqp uijq mqpq b huibuiqpp pGbpgpuii huiiSuibuipqbpp buipnquiGuiGp ppuippg muippbpbi, uijumhbuib b iSfeui, pum 
uiGhpuidb2uimpjuiG, iSGGp koqmuiqnpfrbGp hbuibjuii G^uiGuibmu'Gbpp: 



hub npujbuqp, mqpq b huibuiqpp pGbpgpuii huuSuibuipqbpmi}, GhGp buipnquiGuiGp ipnpdGuibuiG duiuGpbq pGmpuiqpnq 
pnpip $>pqphuibuiG GbdmpjmGGbpp GmjGujbu ppuippg muippbpbi, uiww qpuiGg huiiSuip bu dbGp boqmuiqnpdbGp GiSuiGuimpuj 
G2uiGmbmiSGbpp, fiG^u/bu gmjg t uipGuid umnpb ^npu !ppqpbuibuiG iSbdmpjmGGbpp huiiSuip. 



flutfm floral 11 "! huiuuilpupqhph huiuuip 



<uil)uiuhp pGhpgpuq huiuuilpupqhph huiuuip 




<=> 
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♦ flqpq pGbpgpwi hwdwbwpqbpmd 



K nin]LLi pGhpgpiui hiuiSiuliiupqnLiS 



K ninjiq pGhpgpiui hiuiSiuliiupqnLii 



chuiSuiGuili 

Suipui&nipjmG 

UpiuqnipjniG 

UpiuqiugmiS 



t 

->' 
x 

dt 

~t _ du 
dt 



chjiiSuiGiuli 
Suipui&nipjmG 

UpiuqnLpjnLG 
UpiuqiugmiS 



t 

— > 

x 

_ 6fx 



1.8-3 



♦ ■iwl/wqpp pGbpgpwi hwdwbwpqbpmd 

<-' 

K hiuliiun|Lp pGhpgpiui hiuiSiuliiupqnLiS 



cf-unSiuGuili 

Suipiu&nLpjniG 

UpiuqnLpjnLG 

UpiuqiugmiS 



x 

it 

t _ ctu 
dt 



K huiljiurLpp pGhpgpiu^ hiuiSiuliiupqnLiS 



cf-uuSiuGiuli 
Suipui&nipjniG 

UpiuqnipjniG 
UpiuqiugmiS 



t 

<— 

x 

_ ctx 

i~t 

_ dw 

~ d7 



1.8-4 



UjGmhbwb dbphp2bpid, np K pGbpgpwi hwdwbwpqp Gbwmdwdp K pGbpgpwi hwdwbwpqp jwpddwd v 

-»' 

hwpwpbpwliwG wpwqmpjmGp dbGp wGdwGbi tpGp mqpq hwpiuphpiuliwG wpwqmpjmG: hull pmGp np K pGhpgpiui 

hwdwbwpqp Gbwmdwdp K pGbpgpwi hwdwqwpqp v' hwljwqwpd hwpwpbpwbwG uipuiqnipjmGp !ppqpbwwbu qui K mqpq 

<-' 

pGbpgpwi hwdwl/wpqp Gl/uiuidujdp K hwbwqpp pGbpgpwi hwdwbwpqp mpmqnipjmGG t, uiu/uj pGujl/uiGujpuip dbGp wjG 
bmGduiGbGp hwywqpp hwpwpbpwqwG uipuiqmpjmG: ■ibmbwpwp mqpq b hwbwqwpd Jiuipuipbpujl/ujG wpwqmp/mGGbpp 
hwdwp GmjGwbu tfpjui bG hbwbjwi G2wGwl/nidGbpp. 



fliqpq hwpwpbpwbwG uipuiqmpjmG 
■iuiljwqwpd huipuipbpwbuiG wpwqnipjmG 



V = V 
V '= V 



1.8-5 



U/uwpuni/, hwdwdwjG (pGqqdmd 1-12)-p, (1.7 - 10)-/7 L (1.8 - 5)-p, mqpq b hwbwqpp hwpwpbpwbwG 
wpwqmpjmGGbpp hwdwp GmjGwbu rfpjm bG hbwbjwi wnG^mpjmGGbpp. 




1.8-6 



UbGp wbmp t GmjGwbu pGqniGbGp, np bpb pnpip mqpq pGbpgpwi hwdwywpqbpp pwdwpwpmd bG (1 - Q-)-/7(/ wpdwd 
ul/qpGwbwG dpdwl/p wwjdwGpG, www pGwbwGwpwp pnpip hwljwqpp pGbpgpwi hwdwbwpqbpp 1 wjupGpG hwjbmijpG 
wGqpwqwpddwd pGbpgpwi hwdwywpqbpp bu wbmp t pwdwpwpbG GmjG ul/qpGwl/wG dpdwbp wwjdwGpG: 



t = t 



t =...= 



bpp t = t = t =...= www 

tn hbmbwpwp mqpq b hwbwqpp pGbpgpwi hwdwbwpqbpp ul/qpGwl/bwbpp hwdpGl/Gmd bG ppwp hbw 
mwpwdmpjwG bbmmd: 



1.8-7 



QQqq&niii 1-19 - (1.8- 2)-nd, (1.8- 3)-nd, (1.8 - 4)-nd U (1.8 - 5)-nd wpdwd fipqpl/whwG dbdmpjmGGbpp dpw 
qpdwd Gbmp G^wGGbpp (dpwjwip fipqpl/wbwG mwpwdmpjwG dbg) jbG GjwGwbmd mqqmpjmG gmjg mdnq dbljmnp, wji 
wwpqwwbu Gqwpwqpmd bG wjG ipwump, np ^wpdmdGbppg dbbp dbGp wwjdwGwl/wGnpbG pGnmGbi bGp np wbqp t mGbGmd 
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mqpq pGbpgpwi hiuiSiulpupqniiS, pul] iSjnwp ' hiulpuqpp (mwpwdmpjwG hiujbiiujpG wGqpiuqiupddiud) pGbpgpwi 
huiiSuiljLupqmiS: hub bnuijujip muipuidmpjuiG dbg q'bbmnpp GjiuGGbpp pubuiu/bu 1/pGnipujqpbG GbbmnpuibuiG jjpqpbiulpuG 
iSbdmpjmGGbpp mqqmpjmGp muipuidmpjuiG u~bp: 

<uiuuiduijG ( pGqqcmiu 1 -12 )-p h (1. 8 - 5)-p, K' h K mqpq h hiuhuiqhp pGhpgpuq hunSuilpupqhpnuS IpuiJuajuilpuQ 
ipnpdQiulpuQ uuiuGpl[p mqpq U hiulpuqpp uqnuqmpjmGGhpp upgh GmjGiqhu inhqp mGhG (1.8- 6)-pG huiuuiGuuiG hhuihjuq 
uin G^mpj ni Q Ghpp . 




(1.8 - 8)-pg hhuihmu t, np limuuijuiliuiG w uqnuqmpjuiG huuSuip iSUQp liuimuGuiGp (1.7 - 14)-m[ uipi|ui& uinGynpjmGp 
4hlpnnpuilpuG G2uiqpmpjuiiSp. 



i 



1.8-8 



1.8-9 



Ujdu oqinq'hpiil (1.8- 3)-m[ U (1.8 - 4)-m[ inpi|ui& G2uiGuilimuGhppg, pGM QU Guih (1.8- 8) -ml inpipiii} 4mpdGuilpuG 

liuiuQplip mqpq h hiulpuqpp uipuiqmpjmGGhpp upgh liquid umGyiipjmGGhppg, quiGhGp K' h K mqpq h hiulpuqpp pGhpgpuq 

huiuuilpupqhpmu, uJihGmjG ifinpdGuilpuG uuiuGplip uiGguifr duiuuiGuilip h uiuipuiimipjuiG ilJigU hquifr uinGynpjmGGhpp: Ipui 
<-' <- 

huiiSuip hGpuiqphfip np K h K hiulpuqpp pGhpgpuq huiuuilpupqhpmu 2uipdipiq 4mpdGuilpuG uuiuGplip uiGguifr duiuuiGuilm h 

->' -> 

uiuipuifrmpjniGp, uiuhGuipGqhuiGmp qhiqpmu, quijui[ua& hG K h K mqpq pGhpgpuq huiuuiliuipqhpmu GmjG 4mpdGuilpuG 
uuiuGplip uiGguifr duiuuiGuilipg U inuipui&mpjmGpg hhuihjuq qhpiq. 



K h K pGhpgpuq huiuuilpupqhpp ilJigU 

t = rji (c~t ^ + r\2x' 



K h K pGhpgpuq huiuuilpupqhpp upgh 

k = r\i(c~t^ + r\{x 



(1.8 - 10)-p ilhg oqiniuqnp&q'ui& (£1,^2) h (>?i>>?2) uiGhuijin qnp&uilipgGhpp Ipujuipiifr ^hG mqpq Ipuu hiulpuqpp 
pGhpgpuq huiuuiliuipqhpp pGinpmpjmGpg, pG^iqhu Guih qpuiGp Ipujuipiifr ^qG JiGhpgliuiL hunJiulpupqtipp huapuaphpuilpuG 
uipuiqmpjmGGhppg: Uhp GupuinuiliG t nprytq uijq uiGhuijin qnpfruilipgGhpp: 1-pui huiuuip oqimuqnp&hpiq' (1.8- 3)-niJ h 
(1. 8 - 4)-niJ inpijuii) G2uiGiulinLiJGhpp hui2ilhGp huaiJpGpiug 2uapdi[nq GinpdGuiliuaG iSuiuGpliJi iuGgiu& (SiuGuiupuphp K' U K 
mqpq U huilpuqlip pGhpgpuq huiuuilpupqhpli upgk hhinUjuq qUpuj. 
<-' <- 

K U K huilpuqlip pGhpgpuq huiuuilpupqbpniu 



K h K mqpq pGhpgpuq huiuuil|uipqhpnLu 



X = u t = 



(1.8 - ll)-ml npn24uid muipuidmpjuiG uimuGgpuipqMqip uipdhpGhpp rnhquaqphpiq 1 (1.8 - 10)-p uhg, uhGp qumuiGuiGp. 



w t 



"c" 



K h K hGhpgpuq huiuuil|uipqhpp upgh 



ct = (%i +4 2 - 



K h K pGhpgpuq huiuuiliuipqhpp upgh 

r=(| I+ « 2 f)( c ?) 



(1. 8 - 12)-p uhg, hph,pnpq huu[uiuuapmuGhpp puaduaGhpii[ uinuigpG huu[uauuapmuGhpp i[pui, uhGp IjumuiGuiGp A" h K 

huiliuiqpp pGhpgpuq huiuuiliuipqhpmu q^npdGiulpuG uuiuGpl|p 2uipduuiG uapuiqnLpjmGGhpp uipmuihuijmq'ui& K h K mqpq 
pGhpgpuq huiuual|uipqhpnLu GmjG q^npdGuil|uiG uuauGfil|p 2uipduuiG uipuiqnLpjmGGhpnq'. 



1.8-10 



1.8-11 



1.8-12 
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rq +T)i-f- 



ill 



1.8-13 



4unIMiuuihinil (1.8 - 13)-ni[ uinuiguifr uipqjniGpp (1.8 - 8)-ml uipduifr huilpunhp uipuiqnipjuiG puiQuidUhpp hhui, iJhGp 
iSpiupdhpnphfi liuapnri hGp npn2b^ (^1,^2) h (171,^72) uiGhuijin qnp&uil)pgGhpp, npnGp IpiiGhGuiG hhuihjuq uipdhpGhpp. 



«i = 1 



1/1=0 
r/ 2 = -1 



1.8-14 



(1.8 - 14)-niJ npn2iluii) <^ h 77 qnp&uilipgGhpp uipdhpGhpp inhquaqphpiij (1. 8 - 10)-p i5h§, iShGp IjuuiuiGuiGp hph,m K h 
<- -»' -> 

K huil[uiqhp hGhpgpmi^mu'uil[uipqhpniu' ipnp&GuilpuG uuiuGplpi uiGguifr dimJuaGuilili U inuipuidnLpjuiG qunqp K h K mqhq 

hGhpgpmi^muiul[uipqhpniu' GmjG ipnp&GuiliuiG liiuuQlilqli uiGguifr duiuuiGuil[p U uiuipui&nipjuiG hhui. 



<-' ->' 

K h K hGhpgpuiL huiu'uiliuipqhpp ilJigU 




<— > 

A" h A" hGhpgpuq huiuuilpupqbpp upgh 




ct = ct + s~x 




J c t = c t + sic 


\ 




<=> 






<-' -»' 

X = -x 




1 <- — * 

1 X = -x 



1.8-15 



(1.8 - 15)-pg iShGp quinuiGiuGp K 1 h K nir|hri h huilpuqhp pGhpgpuiL huiu'uiliuipqhpniu' 2uip<} l l m l ihnpdGuilpiiG uuiuGplip 
duiuuiGuil[p U uiuipui&nipjuiG qp^nptiGghuJluhpp hhuihjuq Ipuiqn. 



K II K pGhpgpuiL huiu'uiliuipqhpp iSJigU 




A" h Z hGbpgpuq huiuuilpupqhpp upgh 


J cctt = cdt + sdx 




J crfV = cdt + sdx 


1 dx" = -dx 




1 dx 7 = -dx 



1.8-16 



Oqm^hpi^ (1. 8 - 15)-hg uMp limpnq hGp npn2bL Guih A" h A" niqjiri hGhpgpuq huiuuilpupqhpniu 2uipdihiq ipnp&GuiliuiG 

<-' <- 

liuiuGJilifi iuGgui& duiiSuiGuilifi U inuipuidnipjuiG quiuip A" h K huilpunjip pGhpgpuq huiuuilpupqhpniu GmjG ipup&GuilpuG 
uuiuGplifi uiGguifr duiuiuGuilpi h uiuipuifmipjuiG hhui. 



-»' <-' 

A" h A" hGhpgfiuiL huiu'uiliuipqhpp ilJigU 




— * <— 

A" U A" pGhpgpuq hunSuiliiupqhpli upgh 


i 


' ->' <-' <_/ 
c f = c f + sx 

->' «-' 

X = -x 


<=> 


J c f = c f + .sx 7 
1 ~x = -x 



1.8-17 



(1. 8 - 16)-pG huuJuiGiJuiG, (1. 8 - 17)-pg lJhGp IjuuiuiGuiGp A"' U A" mqpq h huih,uinhp pGhpgpun huiuuih,uipqhpniu 
2iupdihiq ipnp&GuiliuiG uuiuGplip duiiJuiGuih,h h uiuipuifrnipjuiG np^JphphGghuipihpp hhuihjuiL Ipuujp. 



->'«-' -> <- 

A" U K hGhpghuiL huiu'uiliuipqhpp lJpgh K h K pGhpgpuq huiuuih,uipqhpp upgh 


\ 


cdt = cit + sdx 
dx = -dx 


cdt = cit + sctx 
dx = -dx 



1.8-18 



Oquiq'hpiil A"' h K mqpq h huih.uinhp pGhpgpuq huiuuih,uipqhpniu (1. 8 - 3)-n4 h (1. 8 - 4)-n4 inpijuid GinpdGuil|uiG 
uuiuGph,h uipuiqnipjniGGhpp uuihuuiGniupg, lJhGp (1.8- 16)-pg h (1. 8 - 18)-pg l|uipnq hGp npn2h^ mqpq h huih,uinhp 
duuiuiQuil|Ghpp np^hphGgpuipGhpp lJpgh hrpufr hhuihjui[ Ijuiuip. 



K U K hGhpghuiL huuJuiliuipqhpp lJpgh 

it = (\+s^jdt' 
dt' = (l+s^it' 





1.8-19 
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CQn.q&nuJ 1 -20 - (1.8- \5)-nd b (1.8- 17)-nz/ umuigdwir uipqjmGpGbpp Grip piiju bG uipnmiS $>pqpbiujmd 
huijmGuipbpdui& huidui^iuipmpjiuG pjuipjwduiG (P huidui^iuipmpjiuG pjuipjwiSuiG) ipuiump dpui: ■iuiduiduijG -iiujlpubiuG 
hiupiupbpmlpuGmpjmG hwuimlj uibumpjmG, /y dbbmuipuibuiG ^pqJilpulpuG dbdmpjmGGbpp (duiduiGuibp, qiuGqdmdp, 
LiuqpwGdpiuGp b mjiG...) mwpuidmpjwG hiujbiiujpG uiGqpmqiupddiud pGbpgpiui hwduibiupqbpmd, p iniuppbpmpjniG uipqp 
$>pqpbiujp upumlibpuigiSiuG, ipnipnfudmd bG: IsdiuGiuujbu hwjbiwjpG luGqpwqwpddwG qbigprnd dhlpnnpiubwG ftpqplpiibiuG 
dbimipjniGGbpp (uipuiqnipjmGp, wpwqiugmdp, pwipp b uij[G...), puigp mqqmpjmGp /ppbimg, qpwGg piugiupdwb 
dbCmipjmGGbpp GmjGiqbu ipnipnpjdmd bG: hub npn2 $>pqplpubiuG dbdnipjmGGbp ' qnpdnqmpjiuG pGwhqpiuip, tGbpqpwG b 
lujiG, huijbiuijpG wGqpuiquipdduiG qbiqpmd dGmd bG uiGipnipnpj (hwdbidwfr 2): 



\j2bQp np (1.7)-pq puidGmiS uiniugihiifr pnpip piuGiucihhpp tihGp Ipupnq hQp qptq GnijGm.pjunSp, iSpuijG iujG 
inuipphpnipjunSp, np mqpq lupiuqnLpjmGGhpp hunSiup l)oqinuiqnp&hGp mqhq qhlpnnpp G2uiGp, pul) huilpuqiupdi 
lupuiqnLpjmGGhpp luuiquiG2iuGh ipnJuiuphG h,oquiuiqnp£(hGp hiulpuqhp qhlpnnpp G2iuGp: <unShGuijG qtnqu lJhGp uiGhpuidtyui 
hGp huiiSuipmu' npn2 piuGuidUhp uligphptq uijuuihq qhlpnnpuilpuG G2uiqpnLpjunSp, npnGp lJhGp oquiuiqnpfrhpii hGp uiju h 
hhinuiqui piudpGGhpmu': 

Q-phGp dhuuhnJumpjuiG npryp^Gbpp iSpgh (1.3 - 30)-ni[ inpi|iu& uinGyupjinGp. 



d(V)d(v) = 1 



"bnijGiqhu qphGp (1.7 - 19)-nq inpihui) huuhuuuipnLu'Ghpp hunSuilpupqhpp hpl)pnpq huuhuuiupniiSGhpp. 




UpuiupG qphGp Guih (1.6- 5)-ni[ U (1.7 - 12)-ni[ uipihu& uinGynpjnLGGhpp liunSiujuiliuiG w lupiuqnipjuiG hunSiup. 




M^iqhu Guih qphGp (1.7- 13)-ni[ inpi|ui& uinGynpjmGGhpp IpinSuijuilpiiG w mqpq h hiulpuqpp uipuiqnipjuiG huuSuip. 

y(w*)w = } . y(w~)w 

V J d(w) V J 



y(w\ 



Q-phGp Guih qhlpnnpuilpuG G2uiqpnipjuuSp (1.7 - 17)-nq uipijuii) hhuihjuq Ipuphnp umG^nipjniGp. 




Ujdil oquulhpiil (1. 8 - 3)-ni[, (1. 8 - 4)-nq h (1. 8 - 5)-nq uipiluid G2uiGual|nLiJGhppg, qphGp (1.7 - 32)-ni[ inpi|ui& 

<uijlpiilpjjG hiupuiphpuilpuGmpjuiG huiinnili inhunipjiuG mqpq h huilpuqiupd dhunpnJunipjiuG huiihiiuuipnLu'Ghpp 

->' -> 

ilhh.uinpuiliuiG G2uiqprupjuuSp, lJpuijG K h K mqhq hGhpypuq huu5uil[uipqhpp lJpgh: 



1. -iiujlpiibiuG dbiuipnpjmpjiuG huiduiuuipmdGbpp K b K dpuijG mqpq pGhpgpiui huiduibiupqhpp dppb 



fliqpq dhuupnhjmpjniGGhp 

' = Kv)[(i+4)^J-*] 



<uiliujquipd dhuupnpjnipjniGGhp 

? =r(V )[(i + 4)/ +g it'] 



~x - y (y ) Qc - ~v t ) 
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GQr( : q&nnJ 1-21 - bpb (1.8 -25)-wpdw& mqpq dhwipnpjmpjwG hwdwuwpmrfGhpp hwrfwbwpqp pudbGp puw (7 ,~~x^ 
wnwGgpwpiJbpp b lujGmhhwli qpwGg rfhg bppwnbGp (1.8- 20) -n d, (1.8- 2\)-nd, (1.8- 22) -mj U (1.8 - 23 )-mJ wprfwd 
pwGwdbbpp pum wGhpwdb^wmp/wG, www dbGp IpimuiGiuGp (1.8 - 25) -wprfwd hwbwqwpd dbwipnpimpjwG 
him[imiwpmiSGhpp: ■ibwbwpwp (1.8- 25) -nd mpdwfr mqpq h hwbwqwpd dbwipnpimpjwG him[iiiuujpmiSGhpp ppbGg rfbp 
hwbwumpjmG jbG iqwpmGwbmrf: 

UjchJ tfhGp guiGlpuGnuJ hGp uimuGuq •viujlpjilpuG hiupiuphpuilpuGnLpjuiG huiinnili inhumpjuiG (1.7 - 32)-mJ inpipjii) mqpq 

U huilpuqiupd dLuiipnJumpjiuG huiquiuuipmiJGhpp i[hliinnpiul|uiG G2iuqpmpjuiiJp, iSpuijG K U K hmlpimpp JiGhpgliuq 
himSuilpjipqhpli iSpgL: 'l-pui hiuiSiup uiGhpuidh2in t (1.8- 25)-niJ inpijuii) mqpq U huilpuqiupd dlouihnJumpjuiG 
huiquiuuipmu'Ghpli uhg l)ppumtq duiuuiGiul[p U imupui&mpjiuG (1.8- 15)-nq U (1.8- 17)-nq uqupJii} huijtquijpG 
uiGqpuiquipdquifr dlouitinJumpjuiG huiquiuuipmu'Ghpp, JiG^iqhu GuiL puui uiGhpuidh2inmpjuiG oquu[tq (1.8- 20)-ni|, 
(1.8- 21)-ni|, (1.8 - 22)-m[ U (1.8 - 23)-m[ inpi|ui& puiGuidUhppg: Ujq pnmpp Ipuuiuiphmig hhum lJhGp liuuiuiGuiGp htunUjuq 
dlouitinJumpjuiG huiquiuuipmu'Gtipp: 

2. -iwjbwbwG dbwipnpimpjwG hwdwuwpmrfGhpp K h K rfpwjG hwbwqpp pGbpgpwi hwrfwbwpqbpp rfpph 



fliqpq dlauitinJumpjmGGhp 




•iuilpuquipd dUuiifmJiinLpjnLGGhp 




U 




|s j = y(7)[(i + 4)t + vr] 




|s = r(V)[(l + 4)t' + *V] 



1.8-26 



UmuGdGuilip hhinuippppmpjniG t GhplpujiugGmu qptq ^uijlpulpjiG dlouitinJumpjuiG huiquiuuipmu'Gtipp huilpuqpp U mqpq 
JiGhpgliuq huiu'uiliuipqtipp tifigu IpuiJ mqjiq U huilpuqpp pGhpgpuq huiu'uilpiipqtipp lipgu: Ipui huiiSuip iShGp, puui 
uiGhpuidh2innipjiuG, GmjGiqhu iqtunp t oqindhGp (1.8 - 15)-m[ U (1. 8 - 17)-m[ inpUuifr huijhHiijhG uiGqpuiquipdi|ui& 
dlouitinJumpjuiG huiquiuuipmu'Gtiplig, JiG^iqhu GuiU (1.8 - 25)-ni[ U (1. 8 - 26)-m[ inpi|ui& <uijlpulpiiG dUiuifinJunipjuiG 
huiquiuuipmu'Gtiplig: Ujuiqpunq iShGp quuiuiGuiGp htunUjuq dLuiip.n]unipjuiG huiquiuuipmu'Gtipp. 



3. IwjbwbwG dhwipnpjmpjwG hwdwuwpmrfGhpp K hwbwqpp b K mqpq pGbpgpwi hwrfwbwpqbpp rfpph 



f?-r09p+('+»£)4-*] 


u 




\ * = -7 (v) (?-v?) 




|? = - 7 (V)(?'-V/) 



1.8-27 



4. AmjlpulpuG dbwipnpimpjwG hmilmumpmdGbpp K mqpq b K hwlpuqpp pGbpgpwi hiurfiubuipqhpp rfpph 



f i = rCO {(i + 4 )V + [, + (^ - g) f ] i-t} 




I 3?' = -r(v0[(i + 4)* + ""] 


| ? = - r (\r)[(i +s |]s' +VT'] 



QQqq&niii 1-22 - (1 . 8 - 25)-m/, (1. 8 - 26) (1 . 8 - 27) -nil L (1 . 8 - 28) -nd inpduid 4iujlpuuiuG dbiuipnpjmpjiuG 
huiduiuuipmrfGbpp rfbGp uiupnq bGp qpb[ Giub uipiniuhiujinduicr Ipurf rfpuijG ~v mqpq hiupiupbpuiuiuG lupiuqmpjuirfp uiurf 
rfpiujG v hwlpuqpp hwpwpbpwuwG wpwqmpjwrfp b bwrf t[ npbt wj[ wwppbpwbui/: 

Updh dhliumpuiliiuG G2uiqpnipjunS qph[ GuiU iupuaqnLpjnLGGhp|i qnuJiupiSuiG U huiGiSiuG piuGuidUhpp: Ipui hunJiup 
lupuaqnLpjniGGhpli (1.7 - 24)-ni[, (1.7 - 25)-ni| U (1.7 - 26)-nq inpduii} puiGuidUhpli iShg Ijjipuinhin^ mqpq U huilpuqlip 
qhlpnnpuiliuiG G2uiqpnLpjniGp, lJhGp IpunuiGuiGp. 
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♦ UpwqmpjmGGbpp qmiSwpiSuiG pmGwdbbpp 
w nmpn uipuiqnipjuiG huiuuip 



U + V + s- 



V u 

„2 



UpiuqnipjmGGhpfi hiuGdiuG piuGiudbhpp 
~u niujiri uipuiqnipjuiG huiuuip 



w huilpunjip uipuiqnipjuiG huiuuip 



U + V + s- 



V u 

„2 



'u huilpunjip uipuiqnipjuiG huiuuip 



♦ UpuiqmpjniGGhpp dbiudrnfuduiG wji [piugnigfa pwGiudbbpp 

v mnjiij uipuiqnipjuaQ huiiSuip v huil)uinpp uipuiqnipjuili huiiSuip 



uw 



uw 



hull (1-7 - 31)-niJ uipiluid pnpip y qnp&uiljpgGhpp dUuiipnpinipjniliQhpp ilhg GnijGiuhu lippuinhpiil nin]it\ U huiliuinpp 
ilhliumpuiliuiG G2iuqpnipjniGp, uMp IjuinuiGuiGp htunujuiL uinGyiipjniGGhpp. 

1) y (?) = y (fc) y (tf)(i- g M) f 4) r (v) = r (7?>(fc)(i-g^f) 

2) r (T?) = r (v>0?)(i-g^f) u J 5) y(«) = y(7) 7 (^)(i- g ^f) 

3) r (^)= r (^) 7 (T?)(l-g^f) 6) 7 (^) = 7 (V) 7 (tT)(l-g^f) 
Oqimlhpii[ (1.8- 30)-Jig U (1. 8 - 32)-fig uMp u ninjiii U huil[uinhp uipuiqnipjniGGhph huiii'uip IjuinuiGuiGp. 

'r(«) = r(V)r(w)(i-^) 

u 

y(jt^~u = 7(V)/(w) + V + s-^-) 



r(«) = r(7>(w)(i-^) 

y(u~)u = 7 (y)y(w)(w+v+s^-^ 



"biiuiGuuutiu oquiilbpnl (1.8- 29)-hg U (1. 8 - 32)-hg uhGp w ninjiii U huilpunlip uipuiqnipjniGGhph huiu'uip IjuinuiGuiGp. 

%(-)-7(V)/(^)(l-g^f) 



r(-) = 7(v>(«)(i- g -^f) 
7 (^ = 7(^)7(1?) (V+?+.s^) 



7(fr)fr = 7(V)7(t?)(V + W,s^) 



bqpuil|uignLpjniQ 1.8 - (1.8- \5)-nd L (1.8 - \l)-nd inpdiud dbwdinpjmpjwG hmdmumpniiSGbpp hmGqpuuiGniG bG 
pGbpgpuii hiuiSiulpupqbpp (uiG2uipd IpuiS jwpddnq) b qpuiGg Jiuijb[uijpG wGqpuiquipdduid pGhpgpiui huiiSuibiupqhpp 
dwiSwGiuhwuiwpwfrwjpG wniuGgpiupdhpfi iffipb bqwfr 4wjbiulpiiG dbwdmpjmpjwG hiudiuuiupmiSGbpp: hub (1.8- 25) -nd, 
(1.8- 26) -nd, (1.8- 21)-nd U (1.8 - 28 )-ni[ wpdiud dbuidinpjmpjuiG hiudiuuiupmrfGbpp huiGqpuuiGnid bG bpbm juipddnq 
pGbpgfiui[ hiuiSuilpupqbpp duiduiGwlpmmupuidujjpG wnwGgpwpdbpp rfppb hqiud -iiujl/uibuiG huipuiphpiulpuGmpjiuG huimmli 
mbumpjuiG mqfiq b hiulpuquipd dbiudinpjmpjuiG huidiuuLupmiSGbpp ^npu muippbpuiljGbpp: 
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1.9 - 4,mpiupbpiut[iuGnipjiuG 4,]ii5Qiuryinijp]i Oquiiuqnp&nuSp 

cfxuiSiuQiuliiuuiiupiu&nipjiuQ Up-guiliiujpp. <iu2i[0iiuG 4,iui5iup 



UpntiG iShGp uiutq tpGp U pG^ujhu rpu hhuiGmu' t GuiU (1.8- 25)-niJ inpijuii) <uijlpulpuG hiupiuphpuiliuiGnLpjuiG huiuinil] 
uihumpjuiG dUuiipnJunLpjuiG hmUuiuiupniiSGhppg, Ghq lJGnuS t npn2tq iSpuijG y \y \ U y(v") qnpfruiljpgGhpp: Ipui hunSiup 
GUI] uiGquiu" Uu iShGp iqhinp t oquii[hGp (1 - P)-ni[ inpUuid hluJGiunpnLjpGtippg, pphGg uiGMuipujG pGqqplpiiundj 

"Uuiju oqinq'hGp (1 - P)-niJ inpqMjii) hpl)pnpq hfniGiuqpnLjppg, hunSuiduijG npp duiiSuiGuilpi pnpip pGhpgpuq 
huiGuilpupqhpniG «hnumiJ» t lSpUGmjG inphqhpuilpuG huiuinuiinniG c uipuiqnipjuiGp U GhpqpuidhGp dunSiuGuilip GhpuiguilpuG 
iSp uinuiGgp, npp mGp hplpupmpjuiG ^unpmpulpuGnipjniG, niqrppiifr t qniqp miquiquiG U npp iniupuidmpjuiG x umuiGgpp hhin 
l)uiqiSniG t LpuiSuijiulpuG uiGlyniG, Ijuijuijuii) t s U g huiuinuiunuG iShdnLpjniGGhppg: •i.ninUuipiup uijq Gnp dmGiuGuiG.uiGu'uiG 
mnmGgpp mnmGgpmp^hpp U qpmGg qp^npnQgt lul LQnr l D K' h. K niqpq U huilpuqpp pGhpgpuq hunSuilpupqhpnLu' uMp Ipupnq 
GGp uqiuuuhiujuitq duniuiGiulih uhgngnij hhuihjuq bhpup 



K U K mqhq hGhpgpuq hunSuilpupqhpnLu' 

J cfico = cdt 
dxo = cdt 




K h K huilpuqhp pGhpgpuq hunSuilpupqhpnLu' 

J ctx = cctt 
dx~o = cctt 




Oqinuiqnp&hpiq' (1.9 - l)-nij inpipui) G2uiGuih.nLuGhpp (1.8 - 25)-ni[ U (1. 8 - 26)-ni[ inpi]ui& <uijlpuliuiG mqpq U 
huilpunuipd dhunpnJunipjuiG huupuuuipnLuGhpp uhg, GMp qpiuGp Ipupnq hGp qph^ hhuihjuq llhpup 

1. -iuijl/uibuiG dbuiipnpjmp/uiG Jiuii/uiuuipmiSGbpp K h K nujprj pGbpgpuii hiudiuUaipqbpp ifppb 
fliqpq dhuupnJunipjniGGbp <uilpijquipd dhuiipnfunLpjnLGGhp 

?o = 7(V)[(l+.4)4 + ^'] 



4 = r(?)[(i + *|-)*o + *|o?] 
t' = /(v)(V- -f ? ) 



y(V )(V-^) 



1.9-1 



1.9-2 



2. -iiujlpuhiuG dliLuipnpjmpjuiG huiiluiuuipmiSGhpp K L K huilpuqpp pGbpgpwi hiuiSiulpijpqbpp ilppli 
fliqpq dhiuipnpjnipjniGGhp huilpunuipd dhunpnpinipjniGGhp 



< 



^r(v)[(i + 4)^ + ^o] 



< 



Kv)[(l+4>' + ^o] 



1.9-3 



"buuiGunuhu (1.9 - l)-nij inpihui) G2uiGuihnLuGhpp oqinuiqnp&hpiq' (1.8 - 27)-niJ U (1.8 - 28)-niJ inpipufr <uijliualpuG 
dLuiipnpinipjuiG huiiluiuuipnLGGhpp iShg, GhGp qpiuGp Ipupnq hGp qph^ hhinUjiu^ lihpiq. 

<-' ^ 

3. -iuijl/iiil/ujG dliiuipnpjmpjiuG hm^mumpmiiGhpp K hwhiuijpp L K niqpq pGbpgpmi hiuiliulpiipqbpp u~pj>h 

x' = -r(v)(?-^ () ) 1 < F = - r (V)(?'-^x > ; ) ) 



1.9-4 
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4. -iiujlpuhiuG dbiuipnpjmpjiuG huuluiuuipmiSGhpp K mqpq h K huihiuqpp pGhpgpiui huuSuihiupqhpp rfpph 



t' = r (y ) {(1 + .4)^0 + [, + - g)3- ]*} 
-' = -r(7)[(i + 4>+l-o] 



j?o = r(V) {(1 + .4)^ + [, + (, 2 - 



1.9-5 



UjdiS J li J ninW U huilpaaqpp pQhpgpuiL hiuiJualiuipqhpli intiuuiGlijnLGpg qpuiuiplitiGp U GlpoapuiqptiGp hpUm. 
IpmJuijuilpuG ili h ^2 upuinuihuapQhp, npnGp mGhG htunUjuq dunSuiQualpuuiuipuiduijpQ umuaQgpuipi[lipp: 

-»' -» 

♦ lliuimuhiupGhpp lumuGgpiupdhpp K h K mq[iq pGhpgpiui huuiuihiupqhpmii 
r U l uiuauiuahuapp uanuaGgpuapiltipp <U 2 uiuauiuahuapp uanuaGgpuapiltipp 



K pQhpgpui[ huaiJuilpupqnLiJ => (l?io,J?i) 
K hGtinghuai huaiSualiuapqniiS => (lc l0 ,lc\^ 



K pGhpgpiui huiiSuilpaapqnLiS => {^20^1^ 
K hGtinghuai huaiSualiuapqniiS => (jc 20,^2^ 



1.9-6 



♦ lliuwiuhiupGhpp lumuGgpiupdhpp K h K hiulpuqpp pGbpgpwi hiuiSiulpupqbpmiS 
ll i iqiuuiuihuipp uinuiGgpuipiltipn *9 2 uiuauiuahuapp uanuaGgpuapiltipp 



K pGhpgpmL liuiiSuil[uipqnuS => ( Jt'10, Jt'i ) 
K hGhnghiui hunSuiliuapqnuS => (x 10 ,xi) 



K pGhpgpuiL huuSuiliuipqiiLiS => ^20^2) 
K hGhnghuai huaiSualiuapqniiS => (x 20,^2) 



1.9-7 



bpbm L TI2 uiuiuiuahuapGhpp (1.9 - 7)-nil uipihaafr hualiuanhp uanuaGgpuapiltipp uapuiuahuajuiilua& (1.9 - 6)-ml uipi[ua& 
mqpq uanuiGgpuapiltipnil, huuSuaduajG (1.8 - 15)-h, tpuGtiGuiG hhmUjuq uanGyiipjniGGtipp: 



♦ K h K pGhpgpiui huuSuihiupqhpp rfpph 
uiuauiuahuapp huaiSuap 

f - x 

J x 10 - x 10 + 1 

1 «-' _ -»' 
X 1 - —X 1 



% uiuauiuahuapp huauuap 

f «-' _ ->' , ->' 

J *20 — •*20 + ' J "<'2 

!<-'-»' 

X 2 - -JC2 



1.9-8 



♦ K h K pGbpgpwi hiuiSiulpiipqbpp iSpgh 
< U l ujuiuiuahuapp huaiSuap 

J x 10 = x 10 + sx 1 
I <— -> 

Xl = -XI 



Tl 2 uiuauiuahuapp huauuap 

r «- - -» 

J x 20 — X 20 + SX2 

I *- — > 

X 2 = -JC2 



1.9-9 



M^uahu Guali uajn GmjG aplani ^1 U <??2 uiiaauiuihuapGtipp duaiSuaQualip U uiuapuaijmpjuiG uanuaQgpuapiJhph 
uiuapptipnLpjnLGGtipp K' U K mqpq U hualiuanhp pGtipgpuq huauiaalpaapqlipniu Q2uaQuabhQp htuaiujuiL litmiq: 

->' -> 

♦ K h K mqpq pGhpgpiui huiduihiupqhpmd 

/ U l U ll 2 uiuauiuahuaplahpp uanuaGgpuapiltipp uiuapphpmpjniGGhpp 



K pGhpgpuq huaiSualiuapqniiS => 
> 

K pGhpgpiui huaiSualiuapqniiS ^> 



X 20 — X \Q — X Q — C t ll 

— > —> _—> _—> , 
X 2Q — X \Q — X Q — C t u 



-»' -»' 

X 2 — X 1 

> — > 

X2 - X 1 



1.9-10 
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♦ K b K hiuliwqpp pGbpgpui[ hiudiulpupqbpmd 

( Q l U "1 2 iqiuuiuihiupGtipp umuiGgpuipqMipp inuqipapnipjniGGtipp 

{*— ' .1 .! <— ' .1 .1 .1 1 Q 1 1 

K pQhpgpuii hunSuiliuapqnuS =^> x 20 - x lQ = x Q = c t U x 2 -x { = x i.a-ii 

K JiGhpgpui[ hunJualpupqnLiJ =^> x 2 o-Xi() = x () = cT U f 2 -i| = x 

(1.9 - 10)-n4 U (1.9 - ll)-n4 inpqMjjfr hpqni "li U II2 iqiuuiiuhuipGhpp mqpq U huilpuqpp umuaQgpiupilhpp 
inuipphpnipjuiG Ipuiqp, hunSuiciuijG (1.9 - 8)-fi U (1.9 - 9)-p inpquifr hG uuinpU. 



K U K JiGhpgfiuq huiiiiulpupqhpp ilJigU K U K pGhpgpuq huiiSuiquqiqhpli iSpgL 

Xq=Xq + SX \ Xq=Xo+SX 

X = -x L — 

UuahdiuQnuJ 1-3 - fypum K' L K mqpq b huilpuqpp pGhpgpiui hwdwlpupqbpmd '(1.9 -6)-nd L (1.9 — 7 ) -nz/ uipduid 
bpbm upmmuhwpGbpp dfiph bqmd dwdiuGiubminmpiudiujpG «hhnwdnpmpjmGp», npp qwpjdiud t dpwjG dwdiuGiuhp b 
mwpwdmpjwG ujmuGgpujpdbppg, iSbGp buiGduiGbGp dppiulpujp b l]G2iuGwl]hGp mjG AwjbuibmG «b» inwnnd, npp 
hwdwdwjG (1.9 - \Q)-nd b (1.9- \\)-nd mpdiud G2iuGwbmdGbpp, uidhGwpGqhiuGmp pwmiihmuwjpG lupmwhwjmmpjwdp 
bmGbGui hbinbjuii inbupp. 

♦ K b K mqpq pGhpgpiui hwduil]iupqhpnid 

K huiiSiuquipqniiS => b = f(~x 20 ~ J?io)" + A(jic20 ~ ^10) (^2 ~ ~X\ ) + b(~x 2 ~ ~X\ ) = Fx + A~x ~x + Ex 2 > 
A" hmiSmlpjjpqnuJ => b 1 - f(x 2 o~^io^ + a(x 2 o ~ ?io) (x2 - J?i) + #(?2 - ?i) 2 = F?o + A?o? + Ex' > 

+ K b K hiuljuiqpp pGhpgpiui Jiiudiulpupqbpmd 

K huiiSiuquipqniiS => b 2 = F(fx 20 - x\o) +A^jc2o ~~ jc 10) (fx 2 ~ + B(fx 2 - x"^ = Fx^ 2 + Axqx + Bx r ">0 
X" hmumquapqmu' => 6 = F(fx 2 o - X10) + A^x^o _ ^10) - xi) + 5(^2 - x^) 2 = Fx~q + Ax^x 7 + B*x 2 > 

flpinhq A, B U F qnp&uiqpgGhpp dunSuiQiulpuinuipuidnLpjuiQ tijiguiquijpp pGmpuiqpnq huiuuiuiinniG iJa&nipjniGGap hG 
U pQiulpuQuipuip liuaju^uid ^hQ huapuiphpiulpuQ uipuiqnipjniQQhpfig: Uju Qnp qnp&iulipgQtipp iShQp QnLjQuihu ujhinp t 
npn2bQp, uipiniuhuajinhpiil qpuaQp dunSuiQualpuuiuipuidnLpjuiQ hpl[pui^uii[iuiliui(i l)uinnigi[ua&pp pQnipuiqpnq U iShq uapqhQ prnj 
huijuiQp s U g huiuinuiuiniQ i5h&nipjniQQhpni[: 



1.9-12 



1.9-13 



1.9-14 



GQr( : q&nnJ 1-23 - Ubp upmnbbpiugdiudp, bpl/m u]iuiniuhiupGhpp dppb bquid b (1.9- Yi)-ndb (1.9- \A)-nd mpdiud 
piiiniul/muujjfiG wpimuhiujmmpjniGp dfcm u/bwp t IpGp qpiulpuG dbdmpjmG, npndhbmb uijG hiuGqpuiuGmd t bpl/jmip 
dwduiGiubwwwpuidmpjujG dbg bpl/m Ijbmbpp dppb bquicr hbnuidnpmpjuiG pwnwbmupG: Pul/ wdb[fi Upp hbmuiqnmnqGbpp 
pnq 2uipmGuil/bG b pmigGbG dbp piug pnqui&Gbpp pGqniGbpid np dbpnhfajwi puinwbmuwjpG lupmuihuijmmpjmGp biupnq 
lpGb[ Guib piugiuuiulpuG dbdmpjmG: 

K' II K mqpq U huilimrjip pQhpgpuq hunSuiliiupqhpli inhuuiGlymGlig, hpl]ni uiuiinuihuipQhpp lJfigU hquafr, (1.9 - 13)-n4 U 
(1.9 - 14)-n4 inpqMjii} iSpguiliiujphpp puinuil)niupQ, hunSuiduijQ (1 - P)-niJ inpijuic) umuagJiQ hp^SliulqpnlJpll , 
huipuiphpuilpuGnipjuiG uliqpniQpfi ( inhu GmU 1.3 puidpQp ), QmjQu[hu iqtiuip t iJiShp GmjG JpniGqgpuiS , lpujii4uj& lSJiuijG 
JiGhpgliuq hunJuilpupqhpp ppuip Gl)umnSunSp mGhgiu& huaiJuaiquiuiuiupauiG huipuiphpuilpuG uipuiqnipjniGGhplig: Puajg, piuGp 
np lSJigiulpujpli upupiuquijnuS, puin uuihiJiuGiJiuG, uijG lpujm|ui& huapuaphpuiliuaG lupiuqnLpjnLGGhppg, uij[ uijq ^pqpliualpuG 
iShdnLpjniGp' lJfigualiuijpp, quapailuid t iSpuajG ujumiuihiupGhpli dunSuiGiulpuuiuipuiduijliG umuaGgpiupilhplig, hhuiLuipiup 
iSpguiliiujpp pnpip jnpu b , b , b U b iShdnLpjniGGtipp mhuip t iJiGhG Jipmp hunjuiuuip : UjupGpG hpljnL qunJuajuiquiG 
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iquunuihuipGhpli iSpgL hquid dunSuiQuil[uiinuipui()uijpli hhmuihipnipjniGp pnmp p.Ghpgp.uq huiuuiqiupqhpmu (mqjiq ph 
hiulpunhp) huiuimuinniG uhfmipjniG t, npp uhGp qG2uiGiulihGp uhuijG «h»-m[ h uijG uiuphuuiinhbnphG qiupinuihuijimlli 
uijuiqhu. 



b = b = h 



1.9-15 



Ujuiqhuml hphm iqiuimuhiupGhpp. ilJigU hrpufr uhguiqiujpp. pumuiqniuliG, huiuuiduijG (1.9 - 13)-nil h (1.9 - 14)-niJ inpihufr 
puiGiudhhpp., pnpip niqjiq h huiqiuqlip p.Ghpgp.mi^mumliiupqhpniu IpuGhGui hhinkjui^ pumuaqnLuuijpQ inhupp. 



b 2 = Fxq + Ax ~x + Ex 2 = Fx o + Axqx + Ex 2 = Fx 2 + Ax^x" + Bx~ 2 = F*x\ + A5c o *x + Bx~~ > 



1.9-16 



(1.9 - 16)-n4 inpihufr iSfiguilpujpli puinuilinumi mpiniuhiujuinipjniGp.g umuiGdGuigGhGp hhuihjuq umG^mpjmGp. 

b 2 = Fxl + Ax x + fix 2 = Fx?, + Ax x + Bx 2 > 1.9-17 

(1.9 - 17)-[i ilhg inhrpunphmi[ Qxo, x 7 ) huilpuqhp uiniuGgpuipipupp- uipiniuhiujinnipjniGGhpp (1.9 - 12)-[ig h Ipuinuiphmil 
qnpfmqnipjniGGhp, [lG^iqhu Guih hpuip hmi|uiuuiphg GhmiJ (~xl^-\i, (~*o-«)-h h (~x 2 )-h qiipthuqligGhpn, uhGp tmimuGiuGp A 
uiGhuijin qnp&uiqgli uipdhpp. 

I A = Fs I 1.9-18 



UjGmhhuih (1.9- 2)-n\[ U (1. 9 - 3)-m[ inpi|ui& <uijqiuquiG mqjiq dhuiihnlumpjuiG hiuihuuiupniuGhpp. uhg qjipurnhpiij 
(1.9 - 6)-niJ h (1.9 - 7)-n4 inpihui) hpqm iqminiumupGhpp. uimuGgpiupilhpp, [lG^iqhu QuiU qjipumhpiil (1.9 - 10)-nil h 
(1.9 - ll)-nil inpihui) up.hGmjG hpqm iqminiumupGhp[i uimuGgpiupilhpli inuipphpmpjmGGhpp, uhGp GuimuGuiGp inqjuq 
iquunuihuipGhpli umuiGgpuipilhpli imupphpnipjiuG niqjiq dhiuihnfunipjniGGhpp, ninjin h liuiqiuqlip JiGhpgliuq huiuuilpupqhpniu. 

♦ UJiiujU niqfiq pGbpgpuii hwiSwbiupqhpp rfjipb 



X 2 — X [ 



yQf) [ (j? 2 - 3f ,) - f (jfao - j? I0 ) ] = 7( v ) (j? - |.j? ) 



1.9-19 



♦ UJjujjG Iiiul/uiqpp pGbpgpuii hiuiSiubwpqbpp iSppb 
*o = *20- *'io = 7(^)^(^20-^10) -g"^-(^2- xi) J = 7(^)^x0 -g-^-x^ 

= *2 ~ *\ = 7(v ) [ (l + -4 ) (^2 - X , ) + ^ (y 20 - t W ) ] = 7( V ) [ (l + .4 y + 3r% ] 

"biiuiQuiiqhu (1.9 - 4)-niJ U (1.9 - 5)-n4 inpiluii) ^uijlpulpuQ dUuiq^nfunipjuiQ huiipjiuiupniiSGhpp- i5b§ qlipuinh[ni[ 
(1.9 - 6)-n4 U (1.9 - 7)-niJ inpijuii) hpqm iquiinuihuipQhpli uinuiQgpuipiltipp, JiQ^iqUu QuiU qjipumhp^q^ (1.9 - 10)-niJ U 
(1.9 - ll)-nil inpiluid iSliUQnijQ hpqm iquimuihuipQhpli uimuQgpuipilhpli inuapphpmpjmQQhpp, iShQp qumuiQuiCip ini[]uq 
iquiinuihuipQhpli uinuiQgpuipi[hpli muipphpmpjiuQ hhinhjuq dhuiihnJunipjiuQ huii[uiuuipmulihpp. 

♦ ■iwbuiqfip b mqpq pGhpgpiui huiiSuihiupqhpp rfppb 

c'o = 7 ("v )[*<>+ (s + g^Ax J 
c' =-r(v)^x--^-xoJ 

♦ riiqpq U hwlpuqpp pGhpgpiui huiiSuiljLupqbpp rfppb 

% = 7(7) {(l + 4 )"<» + [* + (* 2 ~ 8)% ]*} 

^' = -Kv)[(i+4> + l^] 



1.9-20 



1.9-21 



1.9-22 



huq uijdii (1.9 - 16)-nil mpiluid ujigiuliuijpli lupinuihuijinmpjmQlig uimuQdQuiglihQp hhinhjuq uinQ^nipjniQp. 

b 1 = Fx a + Ax'ox' + Bx' 2 = Fxl + Ax x + Bx 2 > 1 .9-23 
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(1.9- 19)-nil inpiluifr (xo,x') uinuiGgpuipiltipp dUuiifrnfunipjuiQ uipiniuhuajinmpjniQQhpp inhrpjirpitipii[ (1.9 - 23)-fi iShg 

U uinuigipu& huiipuuuipu'uiG iShg pjiuip huiihiiuuiphg GhpiiJ n?oVpi (xolc*)-\i U (~x 2 ^-]i qnp&uiqpgGhpp, JiQ^ujhu GuiU iujij 

qnpduilifig Qhpp qphpiij puin v nirpiri huipuiphpuilpjiG uipuiqiupjuiG uiuuifiiSuiGuigmjgli uifiiSuiQ, iShGp quuuuGuiGp hhuiUjua^ 
huiipuuuipnLu'GQpli hunSuiliiupqp. 



1) f(t) 
2) 

3) f(t)(^ 



F + (2Fs - A)± + (Fs 2 - As + B)^- 



A + (2Fg + As -2B)-^ + (2Fs-A)g-^- 



F 

= A 



■ B+Ag2-+Fg*3^=B 
(1.9 - 24)-n4 iShg uihrpuqphpiil (1.9 - 18)-nil uipipui} A qnp&iuligli uipdhpp, iShGp quiniuGuiGp. 



1) y 2 (v)(F + Fs^+B- 



Fs + (2Fg + Fs 2 -2B)^+ Fsg^- 



2) y 2 (y) 

3) Y 2 (y)^B + Fsg^r+Fg 2 



= Fs 



-> 2 A 



UjQnihhinU ppuip ijpui puiduiGhpu[ (1.9 - 25)-m[ inpUuifr huiUuiuuipniiSGhpp huuiiulpupqp qunSuijuilpuQ hplpn 
huiipuuiupniiiGtipp U phphpii[ uijQ pGrpiuiGnip hiujuiuipiupp, JiG^iqtiu GuiL ppuip huiipuuiuphg Ghpii[ v huipuiphpuilpuG 
UipuiqiupjuiG lSJiUQmjQ uiuinfiiSuiGuigmjgli qnpduilifigQhpp, iShGp IpiuiuiGuiGp B uiQhuijin qnpduiqgp uipdhpp. 



B = Fg 



(1.9 - 26)-niJ npryipufr B qnp&iuqgli uapdhpp inhrpjjrpitipii[ (1.9 - 25)-il inpipufr huiipuuuipnLu'GQpli hunSuilpupqli npht 
huiipuuuipu'uiG iShg, iJhGp IpiuiuiGuiGp / 2 ("v) qnp&uaqgli uipinuihuijinnLpjniGp. 



7 2 (v) 



1 



-> ->2 
l+S^+g^- 

c 



> 



(1.9 - 27)-n4 npryihiii) 7 2 (^)-fi uipuiuihuijuinipjmGp inhrpuiiphpiil (1.8 - 21)-ni[ inpipufr d(v^) np^fct 1 
uipinuihuijuinLpjuiQ lltig, JiG^iqhu QuiU ipjphjyhpiil (1.8 - 20)-p, iShGp IpiuiuiGuiGp. 



d(v) = d(v) = 1 



GQqq&nnJ 1-24 - (1.9-28)-/; wpqjmGppg hbmGniiS tnp, huiduiduijG (1.1- 20)-/;, uiu/uiquiifhui uip/fiG pGGpgpuij 
huiiSuiljLupqhp[i huipuiphpuilpuG juipdiluiG ■iuijGuil/uiG dLuiipnpjmpjuiG hwq'uiuuipmiSGbpp huiGqpuuiGmd GG qpuiGuiG 
dUuiipnpjmpjmGGhp: 

(1.9 - 28)-p qfipumhpiil (1.8 - 21)-p hpqpnpq huiipiauuipu'uiG iShg iShGp IjuuiuiGuiGp 7 2 (v")-fi uipuiuiliuijuinipjniGp. 

r 2 (y) = — ^^>o 

hull, huiuui&uijG (1.3 - ll)-Ji, puiGp np / qnp&uaqpg Qhpp luhuip t iJiQhQ npuilpiiG tibfrnipjiiiG, hhuiUuipuip (1.9 - 27)-pg 
h (1.9 - 29)-pg iShGp ilhpgGmlpMuiiuhu <uijlpiilpiiG y qnp&uiqpgGhpp liuuJuip IpiuiuiGuiGp hhuikjuii puiQuidUhpp, npnGp 
LnphGgp quiiMui qnpduiqgpg uiuipphpuilihpiL huiiSuip uijumhhuiU lJhQp uijQ iip2in qoqinuiqnp&hfip «<» uuinppQ gnigp^ni[. 





i 






r<(v) = - 


> 

->2 








C 2 


<. 




i 






r<(v) - - 


> 

<_2 
















C 2 
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UjGmhhuih (1.9 - 28)-ni[ inpi[iu& npryp^Gbpp uipdhpGhpp inbrpunphpnl (1.8 - 22)-p uhg, uMp IpiuiuiGuiGp 
umGynpjniGGhp, npnGp iSJyui hG pG^iuhu IpuuuijuilpuG v k v ntr|hri U huilpuqpp huipuiphpuilpuG uipuiqnipjuiQ huiiSuip, 
GnijGu[hu h fifyin bG 2uipdipiq ifmpdQualpuQ uuiuGfujp IjuiuuijuiliuiG w ninjin h huilpuqpp uipuiqnipjuiG huiuiup. 



/<(-) = K-) = n(-)(i+4)>° 

7< (w) = P(p) = Yi (w) f 1 + sf-) > 



"buuiGuuqhu (1.9 - 28)-niJ inpihiifr npn2li£Ghpp uipdhpQhpp inhquiqphpi^ (1.8 - 23)-p lltig, uhGp IjuuiuiGuiGp hhinhjuq 
umGynpjniGp, npp huiuiuduijG (pGqq&niu 1-12)-Ji, fifyui t JiG^iqhu quuJiujuiqiuli v huipuiphpuiliuiG uipuiqnipjuiG huiuuip, 
QnijQuihu h 2iupd4nq ihnpdGuilpuG uuiuGpb,h quuJuijuiquiQ w uipuiqnipjuiG huiuiup. 



£uiGp np (1.9 - 27)-n4 h (1.9 - 29)-n4 inpiluid 7^("v)-p h 7j(V)-h uipuiuihuijinnLpjnLGGhpp qpuilpuG lJh&nipjniGGhp 

hG, hhinhuipuip huiu'uiduijG (1.8- 24)-h, limuiujuilpuG w mqpq h huilpuqpp uipuiqnipjuiQ huiuuip uihqh mGhG hhinhjuiL 
um Gynpj ni G Gbpp . 











r 






> 




1 + sf - > 


< 




















+ g^r >0 



























(1.9 - 33)-niJ inpihiii) uiGhuiihiiuuipnipjniGGhpli huiuuilpupqhpp umuigpG uiGhuii|uiuuipnipjuiG qnjnLpjniGpg pfuniiJ t Guih 
hhinhjiu^uaGhuii[iuuuapnipjniGp, npp uiGhpuidh2innipjniGp lJhGp qqquiGp hhinuiquijniiS. 



{:: 


2 C 


|>0 


• I 


cdt + 


\sdx > 




i.l > 
2 4 C ^ 






edit + 


^-,s<£c > 



1.9-31 



1.9-32 



1.9-33 



1.9-34 



CQqq&niii 1-25 - bpb (1.9 - \9)-nU wpUiutr (x' , x') mqpq mnmGgpmpGbpp dbiuipnpjmpjiuG hmiliuuiupniLiGbpp 
ipnfuuipbG oqwiuqnpdhGp (1.9 - 20)-nij hiuiS (1.9 - 2l)-ni[ b IpuiS t[ (1.9 - 22)-ni[ wpi/ui& umuiGgpuipdbpp dbiuipnpjmpjiuG 
huiGimiuipmiSGhpp b ljpuiGp whqiuiipbGp (1.9 - \6)-ni[ inpdiud iSpgiulpujpp hwdwupuimuupjwG uinG^mpjuiG iShp, uiujui iShGp 
GmjGufhu bumwGiuGp (1.9 - 30)-ni/ wpi/ui& puiGuidbbpp: 



(1.9 - 18)-nil h (1.9 - 26)-niJ inpihiic) A h B qnpfruiqpcjGhpp uipdhpGhpp inhnuinphpii[ (1.9 - 16)-ni[ inpi|ui& 
uipinuihuijuinLpjuiG lltig, uhGp i5p§uil|uijpp puinuibniuni huiuiup buinuiGuiGp hbuihjuq puiGuidhp. 



6-=/'(Xo+.?X()X+gX J=f(Xo+^XoX+gX ) = f{X + SX X + gX )=t[X +SXQX+gX j > 



(1.9 - 35)-ml uipijuii) upguiquajpp puinuiqnumL puiGuidhhpp qpijuii) qp^bphGgpuiplhpp inhupnij, IpJiGhG. 



dti 1 = F(dx a + sdx a dx + gdx J = F(dx + sdx^dx + gdx )>0 
db z = F^cCxq + scfx Q ctx + gdx: 2 ^ = F(cfx~o + sifxaitx + gctx~ 2 ^ > 



1.9-35 



1.9-36 



UjdiJ hGpuinphGp, np P q^inpdGualiuiG uiuuGplip K' mqpq h huaquiqpp pGhpgpui[ huai5uil[uipqhpp GquiiniJuaiJp 2Uipdi[niu t 
huiuuiuiuiiniuufuiuGuipuip u h u uapiuqnLpjnLGGhpnil, puq GnijG ipnpdGuilpuG uuiuGpqp K mqpq h huilpuqpp pGhpgpuq 
huiuuilpupqhpp Gquainuuiup 2iupdilnLiJ t huaiJuiaiuiinuiuIuiuGuipuap w h w uipuiqnipjniGGhpni[: Uj Gnihhuih i[hphp2hpii[ 
(1.8 - 3)-nil U (1.8-4)-nil uuihiJuiGi[ui& nmhu h huil|uiqpp uipuiqnipjniGGhpp puiGuidhhpp, pG^ujhu Guih (1.9- l)-nil uipiluid 
G2uiGuil[nnJGhpp h l|ppuinhpii[ qpuiGp (1.9 - 35)-p h (1.9 - 36)-p lJhg, ipnpdGuil[uiG uiuuGpl[p huuJpGpuig l|uiu liuuJuijuiliuiG 
uipuiqnipjniGGhprul 2uipduuiG qhuipniiJ dhGp upguiliuijpp puinuiljniuni h qpui qp^^npliGghunh huiuuip liuuiuiGuiGp hhuihjui[ 
uipuiuihuijuinipjniGGhpp. 
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♦ &npd GwlpuG dwuGpbp hmdpGpmg 2wpddwG ijbujpm d 



b 2 



F\ i + s-^+g-!^- \\cl 



b 2 = F\ !+,?-§- 



T 

^)(«) 



F 1 +S^r+) 



*\ 2 f «- <- 2 



^j(c?y > o 

^(cV) 2 > 



♦ <Pnp6GwbiuG dmuGpbp biudiujuibuiG ^wpddmG qbwpmd 



rf£ 2 = F^l+i^+g^i^cdVy = f(i+s%- +g^- S j(cetty > 



£uiGp np, huiuui&uijG (pGnqfrniiS 1-12)-p, (1.9 - 21)-m[ U (1.9 - 29)-ni[ mpi[ua& puiGui&utipp £ip2in hG GuiU IpuuuijuiliuiG 
uipuiqnipjuiG (ninjiri Ipim huilpunjip) huiuuip, htunUuipuip (1.9 - 37)-niJ inpipufr piuGuidUp iShg huiipuuuipu'uiG unJhGuiduifu 
linrpSp' (6 2 ), rmuilpuG iShdnipjiiiG t, puq uig qnqiJp pnpip uipuiuinpp^Gtipp, puiguinnipjuiup F qnp&uiqgpg, GnijGu[hu rpiuilpuG 
dhdnLpjniGGhp hG U hhmUuipuip qpuiquiG lJh&nipjniG ujhinp t iJiGp GuiU F qnp&uiqpgp: Puigp rpiuiGpg, puiGp np F 
qnpduiqpgp iSJi nhp ^p IpuiniupnuS iSpguilpuTOp puinuiliniuni puiGuidhhnp. iShg, lJhGp umuiGg pGnhuiGpnLpjniGp IpipgChmi, 
Ipupnri hGp uiquiini[tii npuiGpg pGnniGhpul. 

F = +1 



F-p uipdhpn (1.9 - 39)-pg inhnuinptipiil (1.9 - 35)-niJ uipipui) iSpguilpujpp puinuilpiiunL puiGui&up. iShg, pG^ujhu GuiU 
oquiilhinil (1.9 - l)-p G2uiGuilinnSGhppg, lJhGp ilhpgGuiliuiGuiiqtiu IpiinuiGuiGp. 



b 2 = (cty + s 




~x +g~x 2 = ( c ?) + s(c~t^~x + g~x 2 = 




2 + s 




x~ + gx 2 = (cV) + s(c7^x~ + gx 2 > 



hul| (1.9 - 40)-n4 inpipui) iSpguiquajpp puinuilinium np^^npnGgtiuJlGnpli huuSuip iShGp IpiuiuiGuiGp. 



db 2 = [cd~t ) +s[cd~t )(rf*') + g(d^ y = (erf?) 2 + s(cd~t^(dx') + g(dx~) 2 > 
db 2 = (cdt ) +s(cdJ + g(d*') 2 = (cdV) 2 + s(cd*t^(dx') + gQfx~) 2 > 



"bnijGiutiu F-fi uipdhpp (1.9 - 39)-pg uihrpunptipiil (1.9 - 37)-niJ U (1.9 - 38)-niJ uipipufr uipuiuihuijuinipjniGGtipp lltig, 
JiG^uqhu GuiU ipjphp2tiini[ (1.9 - 27)-p II (1.9 - 29)-p, iShGp lifiguilquijpfi U p.p nJi^hptiGgliuilJi huuJuip liuuiuiGuiGp GuiU 
hhuiUjui]^ puiGuidUhpp. 

♦ <Pnpd GwlpuG dwuGpbp huiiSpGpuig 2wpdduiG ljbiypm d 



♦ <Pnp6GwbiuG dmuGpbp buiduijuibiuG _?iupddwG qhujpmd 
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1.10 - Piugiupdiulj chuiSiuGiut[]i U Piugiupdiulj UpiuqnipjiuQ UiuhiSiuGniiSp. 
U Piugiupdiulj UpuiqnipjiuQ QUiuijinJunipjiuQ ^milmuiupnuSGbpp. 

chuuuiGuiqp iSJi Junphpruuilnp 4 ) t lc lt ll l ul 4 ul Q Qpumjp t, npp uinuipl[uijuil[uiG pupnGniup 2uiin IpupUnp t fi2QPt lm 
^pqpquilpuG inhunipjniG Ipiimnghpn huiuuip: frpuuqhu, duiuuiGuiqp huiulpugnqnLpjuiG uuiupG pumumuiuppuiquiG U 
qhGuuipuiGuilpuG uninhgniuGhpp hhGg 20-pn ruupp uqqppG ipnfuuippGilhgpG uujtqp 2iuin duiuuiGuil[p pGmjpp ;ppqp4uiquiG U 
puiGuiquilpuG hhinuiqninuuiup, npp nuppuqp uipqjniGpp huiGqpuuiguiG duiiJiuGuiquainiupui&nipjuaG huiinnLq 
huipuiphpualpuGnipjuiG U pGnhuiGmp huipuiphpuiquiGnLpjuiG inhunipjniGGhpp uinnqfrnLup: 

Uju puidGniu uhGp quuihiSuiGhGp U qpGGuipqhfip 3}pqpquijp huiuuip 2uun Ipuphnp' puiguipduib dwiSuiGuibp 
huiulpugnqnLpjnLGp: llj GmhhuiU oquiuiqnpfrhpiq' puiguipdiuli duiuuiGuilip quiquiipuipp, ujmu JbliqhquilpuG uh&nipjniGGhpp 
huiuuip hu uhGp huuihuuiGhGp pphGg huuSuipdhp puigiupduiq uh&nipjniGGhpp: 



UiuhiJujQnuJ 1-4 - £uiGp np, huiduiduijG (1.9 - 40)-/z, bpbm ujwuiuihwpGbpp dppb bquid dppuibuijpp puinuibmupG, 

pnmp pGbpgpuii hiuiSiulpiipqbpmiS (niqpq pb huibuiqpp) huiumiuuiniG db&nipjmG t, hbmbiupwp uijq ipiuump dbq hni2nid t np 
dbGp liwpnq GGp uuihdiuGbi puiguipdiuli duiduiGiul/p hiuubiugnqmpjmGp, npp limGbGui GmjG dbdmpjmGp pnpip pGbpgpuii 
huiduibuipqhpmd (mqfiq pb huibuiqpp), b ujjG dbGp bG2uiGwbbGp T-nU: Ujuu/pund puiguipduib duiduiGuil/p b pp 
qp$>$>hphGgpuim dbGp buuihduiGbGp hbuibjuii bbpuj. 




Oquiilhpu[ (1.9 - 40)-ni[ h (1. 9 - 41)-ni[ uipi|ui& puiGui&hhppg h (1.10- l)-nij inpihiii) uuihuuiGniuhg, puigiupduiq 
duuiuiGuilip puinuiqnium h hp qp^^hphGgpuip^ huiuuip uhGp quuiuiGuiGp hhuihjuq uipuiuihuijuinipjniGGhpp. 

♦ K b K mqpq pGbpgpuii huiduibuipqbpmd 

7 1,7 ~>' 2 1 -»'-»' 1 ->'2 -> 2 1 ->-> 1 _>2 

T 2 = -i-ti 1 = t +S-jrt X +g\x =t + S-jrt X + g\x >0 

c c c 



dT 2 



Ardb 2 = dt + s-^-d~t dx + g-^-dx 2 = dt + s-^-dl dx + g-^-dx 2 



♦ K b K huiliuiq[ip pGbpgpuii huiduibuipqbpmd 



7 1,7 <- 2 1 <-<-' 1 «-'2 <- 2 1 <-<- 1 <-2 

T 2 = -\b 2 = t +sjrt X +g-^X = t + S^rtX +g~ L rX > 

c c c 

dz 2 = \db 2 = d*t 2 + s^it dx' + g-Krdx' 2 = it^ + s^rdtictx + g-Krdx 2 



t^ulj ipnp&GuilpuG uuiuGpljp huiupGpuig l)uiu quiuuijuiquiG uipuiqmpjuiup 2uipduuiG qhuiphpp huiuuip oquujhpiil 
huiuuiuiuiuiuiuJuuiGuipuip (1.9 - 42)-n4 U (1.9 - 43)-nq' uipiluid puiGuidUhppg, uhGp puiguipduil[ duiuuiGuil|p U pp 
qp^^nphGgpuipi huiuuip quuiuiGuiGp GuiU hhuiUjui^ uipuiuihuijuinLpjruGGhpn. 



♦ 0npd GuibwG rfuiuGpbp huuSpGpuig 2uipdiSuiG qbuipm u~ 



♦ <PnpdGwbuiG rfuiuGpbp buirfuijuibuiG ^uipdduiG qbujpmd 



dT = y h= l^f7g~^(dV) = ji +s Jt +g >£(d7') = ji + .4 + g^(d*r) = Ji +s f +g ^(dt) 
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GQqq&nnJ 1 -26 - £mGp np dbGp umhdmGbgpGp pmgmpdmb dmdmGml/ nmul/mgnqmpjniGp, npp mGp GmjG uipdhpp 
pnpip pGbpgpwi Iimdmbmpqbpnid (niqpq pb hmbmqfip), uju/iu iuGhpwdb2in t np dpG^b mjdiS dbp oqmmqnpdmcr t' b t 
dwiSuiGmbp uiuippbpbGp Gnp Gbpdmddmd pmgmpdmb dmdmGmbpg b qpui hiuiSiup, uijumhbmb, dbGp mjG 1/mGi/mGbGp 
mbquihiuG dmdmGml/ : bi pGju/bu uipqbG dbGp qpmbGp, mbqmbmG dmdmGml/p muippbp t n± dfimjG fipuip GlpumiSiuiSp 
hwpwpbpmbwG 2mpddmG ifbp qwGdnq fiGbpgfimi hwiSwlpupqbpmiS, mj[ wjG muippbp t Gwh mmpmdmpjmG hmjbmijpG 
mGqpmqmpddmd pGbpgpmi Jimdmbmpqbpmd, pG^p dbGp duiGpuiduiuG ^mpmqpbi bGp (1.8) pwdGmd: 



UjQnihhuiU oqinuaqnp&hinij (1.9 - 30)-ni| npn2i|uid <uijliual|uiQ qnp&uilipgGhpp puiGiu&Uhpp u U w (mn]iri U 

huilpjanjip) uipuiqnipjniGGtipp. huiiSuip U inhnuiqphpiq qpuiQp (1. 10 - 5)-h iltig, iShGp IpiimuGuiGp puigiupduili U inhrpulpuG 
duiiiuiGuil[p qp.^pJptiptiGgliuip'ihpli tffigU hrpu& hhinUjuiL uinGyiipjntGGbpp.. 

J it' = 1 - 1 - L 



dz = 



-dt = 



-dt = 



-dt 



/<(") r<00 7<0O r<(w) 

(1. 10 - 6)-nq inpihiii} huiipjiuuipmu'lig uMp Ipjjpnq hGp uinuiGuq Guih hhinUjuiL umGynpjnLGGhpp. 



dt 
dz 

,->' 
dt 

dz 



r<(«) 



dt 
dz 

dt_ 
dz 



r<(w) 



"biiuiGuiiqhu (1. 10 - 6)-pg IponS (1. 10 - 7)-fig tihGp Ipupnq hGp uinuiGuq Guih hhinUjuiL uinGynpjnLGGhpp. 



dt 
j— 
dt 

,->' 
dt 

dt 



dt 

it 

.— > 
dt 

,->' 
dt 



u00 



bplpii inhuuilifi dunSuiGiuliGhpp qnjnipjuiG ihuiuinjig hhinUniiJ t np iqhinp t qnjnipjniG mGhGuiG Guih hplpii inhuuiljh 
uipuiqnLpjmGGhp, uipuiquigniuGhp h pGnhuiGpuiiqhu iqhinp t qnjnipjniG mGhGuiG hpbni inhuuil[p dmuuiGuilifig lpujiii[ui& 
IppqpliuilpuG uh&nipjniGGhp' mhrpulpuG U puiguip&uil]: ^hinkuapuip <uijl]uilpuG huapuaphpuilpuGnLpjuiG huiinnili inhunipjuiG 
lihg 2 mm IjuipUnp t inuipphpuilih^ h huinuil) uiuhiSuiGh^ inhnuiliuiG h puiguapduil) i|>}iq[il] uxl] ui Q uhfrnLpjniGGhpp: Ujq 
Guiuiinuihnil guiGlpnguid piugiupduui ^JiqjiljuilquiQ tfh&nipjuiG hunSuip iShGp Ipoqinuiqnp&hGp «p» uumppG gnigp^, npiqhuqji 
uiuipphpuilihGp puigiupduili ;pliqlitluilpuG uhfmipjnLGGhpp hunSuiupuinuaufuuiG inhrpulpuG ^hqlitluilpuG uhfmipjnLGGhppg: 

UiuhiJujQnuJ 1 -5 - 0npdGml/mG duiuGpbfi uiGgmd diuGwupuphp £iuipp pum dfiiudnp uihqiubuiG diudiuGiubp dbGp 
IpuGdwGbGp inhquilpuG uipuiqmpjmG, pub ipnpdGuihiuG duiuGphp uiGguid tfiuGimiiiuphp ^uidip pum dpmdnp puiguipdml] 
dwdmGwlip dbGp GuiGduiGbGp pwgwpduib uipuiqnipjmG: hduiGmu/bu dbGp buipnq bGp uuihdmGbi Guib mbquibmG b 
pwguipdml] mpmquigmdGbpp: ^bmbmpuip, dmp6Guil]mG duiuGpljp npmbuimbu ppuippg muippbp mju hpl/ni 
uipuiqmpjmGGbpp b uipuiqmgmdGbpp K' b K niqpq b huibmqpp pGbpgpmi huiduibmpqbpmd dbGp bmpnq bGp uuindmGb[ b 
G^wGwbhi hbmbjmi bbpm. 



♦ K b K niqpq fiGbpgpu/[ hmdmljuipqbpmd 
SbquibmG bmd hjmmnGjuiG uipuiqnipjmG 
SbquibmG bmd hjmmnGjuiG uipuiqmgmd 

fimgmpduib uipuiqnipjmG 
Pmgmpduib uipuiqmgmd 



u = 

dt 

~l! _ du 
dt 

u - 

" p ~ dz 
7> du„ 



dx 
.— » 
dt 

dw 

dt 

_ dx 
dz 

dw P 

" ~dV 
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♦ K b K huibuiqfip fiGbpgfiuii huiduibuipqbpmd 



SbqmbuiG Ipiirf "bjnimnGjmG uipuiqmpjmG 


=> 


*— 

u = 


(fx 
,<-' 


u 


*— 

w = 


(fx 








dt 






it 


SbqmbuiG IpuiS hjmmnGjuiG uipuiquigmd 


=> 


< 

b = 


(fu 
,<-' 


u 


*— 

a = 


dw 
,<— 








dt 






dt 


Puiguipduil/ uipiuqnipjmG 


=> 


<— 

Up 


_ (fx 
dt 


u 


w P 


_ 

dr 


fiuiguipduib uipiuquigmiS 


=> 


b P 


(fu P 

~ ~dT 


u 




dwp 

~ ~dT 



1.10-10 



UjQnihhinU puiguipduili duiuuiGuilip rfr qp^JbhphGgpuiip uipiniuhuajinnipjmQp (1. 10 - 6)-Jig inhquiqphpii[ (1. 10 - 9)-Ji h 
(1. 10 - 10)-p uh§, hG^iqhu Guih oquiilbpiil inhquilpiiG uipuiqnipjniQQhp|i (1.8 - 3)-niJ h (1.8- 4)-niJ inpihiii) umhuuiGniiSGhplig, 
uhGp liuuuuGuiGp puiguipduil) uipuiqnipjuiQ h inhquilpiiG uipuaqnipjuiQ iShgh hquifr Ipuiqp K' h K mqpq h huilpnqhp 
hGhpgpiiq huiuuilpiipqhpnLiS. 



K h K pGhpgpuq huiuuiquipqhpmu 
< — > 

A - II A" pGhpgpuq huiuuiquipqhpmu 



7< (" ) i 
7<(w)> 



1.10-11 



UwhiluiQiuiI 1-6 - (1.10-9)-m/, (1.10- l0)-m/ uuihduiGduid 6(1.10 - \Y)-nd mpduid puiguipduil/ lupiuqmpjmGGhpp 

fipuibuiGmd huiGqfiuuiGmd bG puiguipduil] uipiuqnipjmG wuipuiduihuiG pmqmqpfi^Gbp bpb^uiifi duiduiGuibuiwuipuidmpjuiG 
rfbp: ^bmbuipuip, (1. 10 - \V)-fiG hmduiGduiG, dbGp huipnq bGp uiuhdwGbi Gmb ifinpdGuihuiG duiuGfihfi puiguipduil] 
lupiuqmpjuiG pduijfiG puiquiqpfi^Gbpp K' b K mqpq b huibuiqfip fiGbpgfiuii huiduibuipqbpmd hbinbjuii bbpig. 



K h K hGhpghuq huiuuiquipqhpnLu 
< — > 

K h K hGhpghuq huiuuilpiipqhpnLiS 



(fx a 

~dT 

(fx~Q 

dx 



/<(") c 



dx 
~dT 
dxp 
dr 



7<("> 

7 A (w)c 



hduiG dbnil dbGp Ipupnq bGp uuihrfiuGhi Gmb K 1 b K mqfiq fiGbpgfiuii huiduibuipqbpfi rffipb puiguipduil] 
huipuipbpuibuiG uipuiqmpjniGGbpfi pi[uijfiG b muipui&uifiuiG puiquiqpfi^Gbpp hbmbjuii bbpuj. 



fliqhq puiguipduili huipuiphpuil|uiQ uipuiqmpjniQ 

f 7 p = 7<00 c 

| v f = r<(v)v 



•iiiilpuqhp puiguipduili huipuiphpuilpuG uipuiqmpjniQ 

J Vp = 7<(V)c 
1 V P ^ 7< (V)V 



1.10-12 



1.10-13 



Oquiq'hmq' (1.9 - 31)-ni[ h (1.9 - 32)-m[ inpihii& liuiuuijuiquiQ mqhq h huiquiqpp inhquilpiiG uipuiqnLpjnLGGhpp ujigh 
qnjnLpjmG niGhgnq uinGyiLpjnLGGhppg, pG^iqhu Guih oqimlhpiil ^uipdihiq i}inpdGiiilpiiG iSuiuGphip Ipiiu huipuiphpuil|uiG 
2uipduuiG (1. 10 - 1 l)-ml, (1. 10 - 12)-ni| h (1. 10 - 13)-n4 inpihiic} puiguipduili uipuiqnipjniGGhp|i pihiijfiG h uiuipuiduiljuiG 
puiquiqpp^Ghpfi uuihuuiGmuhg, uhGp l|uuiuiGuiGp huiliuiqhp puiguipduili uipuiqnLpjnLGGhpp pipJijpG h inuipui&uil[uiG 
puiquiqpp^Ghpfi h.uiuip huiuuiuiuunuiuJiiuiG mqhq puiguipduili uipuiqnLpjnLGGhpp pi[uijpG h inuipui&uiliiuG puiquiqpJi^Ghpp hhin: 

♦ Puiguipduil] hiupiupbpuihiuG uipuiqnipjwG (mqfiq b hiubuiqfip) puiquiqpfi^Gbpfi rffigb 



f «_<> ->o , -> 




_,0 <-0 <- 


J Vp = Vp + .SVp 
1 <— -> 


liunS < 


Vp = Vp + SV p 
— > <— 


Vp = -Vp 




Vp = -Vp 



1.10-14 



♦ UiuuGfibfi puiguipdmlf uipuiqmpjuiG puiquiqpfijGbpfi buiu/p K b K fiGbpgfiuii huiduibuipqbpfi dfipb 





^0 _> 










= » p + Slip 


lliuiS 


"p 


— U p ~\~ S U p 




> 

= -lip 




^ T?p 


<— 

= -u P 



1.10-15 
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♦ UluuGtilili puiguipdiub uipuiqnipjwG puiijuiijpfijGbpp buiu/p K b K fiGbpgfiui[ hiuiSiubuipqbpp iSppb 





-»° , -» 






<-0 <- 




= lf p + SWj, 


bun! < 




= W p + iWp 




= -Wp 


^ Wp 


= -Wp 



1.10-16 



CQqq&niii 1-27 - 4wiiw6wjG (1.2- 1)-/?, (1.3-11)-/?, (1.8-8)-/;, (1.9 - 33)-/? 6 (pGqqdmiS 1-12) -p, pG^igbu Gmb 
hmdmdmjG (1. 10 - 9)-/7# if/^/i (1.10 - 16)-^ umMiuGUiud U ummgUuid pnpip pmGmdbbpp, dbGp mniuGg pGqhiuGpmpjiuG ijbii 
ifbijuiGjb[m Ijiupnii bGp pGrpiiGbi, np IpuiSuijwlpuG mbqwlpuG uipuiqnipjwG b IpuiSuijiubuiG puiguipdiub lupiuqnipjwG pUiujpG 
It muipuicfuiljuiG piuqiuppfoGhpp huiiSuip mbqp mGbG hbinbjuii u/uijduiGGbpp. 



w = w > 
■ P = w P > 



->o 

Wp = 



l + ,f 



< 



v?p = w° > 



Wp + swp > 



1.10-17 



UjcM puiguipdiuli uipuiqnipjuiQ pihiijpG U uiuipui&uil|uiQ puiquiqpp^Gtipp huuSuip uipinui&tiGp npry hhuiuippppp 
puiQuidUhp: 1-pui huitfuip oqinip\ipu[ (1.8 - 24)-ni[ inpi|ui& puiGuidupg U (1. 10 - ll)-nil inpipiii} puiguipduil) uipuiqnipjuiQ 
miupuifruilpuG puiquiqpp^p uiuhu'uiGniu'lig, quuJuijuiquiQ w uihquilpuG uipuiqnipjuiQ huiiJuip iSbQp quuiuiQuiQp htunQjuq 
puiGuidUp. 

„,2 



7<(w><(w) 



l 



l 



> o 



l 



. WW 
„2 



ImjIj (1. 10 - 18)-pg htunLniiS t, np puiguipduili uipuiqnipjuiG uiuipuiduiquiQ puiquiqpp^Qhpp iqtunp t puiihiipuiptiG 
htunLjuq upujuiuGliG. 



Hr < 1 



UjQnihhuiU oqinuiqnp&tipiq' (1.9 - 27)-niJ U (1.9 - 29)-niJ uipihiifr <uijquil|uiQ 7^ qnp&uil|gp puinuilpiiuni puiGuiduhpp 

IjuuJuijuiquiQ w uihquiquili uipuiqnipjuiQ huiiiuip, (1. 10 - ll)-nij U (1. 10 - 12)-niJ inpipiii} puiguipduil) uipuiqnipjuiQ 
uiuipuiduiliuiQ Q pihiijpG puiquiqpp^Gbpp uuihu'uiGniu'Gtipp, pG^iqhu QuiU (1. 10 - 19)-ni[ inpihud uiGhuiipiiuuipnipjniGp, lJQQp 
<uijliuiliuiQ 7^ qnp&uiljpgGtipp huitiuip buinuiGuiGp hhuiUjui^ puiQuidUhpp. 

























1 -><> 

■c w ? = J 


i-C- 


4 > c 2 


1 t ^p 

2" ? C 


= A(w P )- 


1 . w P 

2' S C 


> 


< 




















r<(w) = 


1 <-° 

T w v = J 




4 c 2 


+ 2' S C 


= A(w P ) + 


1 . W P 

2 4 C 


> 





















(1. 10 - 20)-p ilhg lJQQp puinuil|niuli uipuuiinp Q2uiQuil|tigpQp A (puupqui) inumni[ U npp, huiuuiduijG (1. 10 - 19)-p, 
puiUuipuipniu t hhuilLjui^uiGhuii[uiuuipnipjuiQp. 



A(w P ) 



l-fe-K>3->i|'^ 



Oqinq^piq^ (1.10- 20)-fig lJQGp Ipupnq hGp npn2tq puiguipduili uipuiqnipjuiQ niqjiq U huiquiqlip piJuijpQ puiquiqpp^Qhpp 
uipuiuihuijuii[ui& puiguipduili uipuiqnipjuiQ uiuipui&uil|uiQ puiquiqpp^Gtipnil hhuiUjuq qhpu]. 



A(w P )-i-^ 



A(w P )+ \s- 



c > 



c> 



"bnijGiqhu oquiq'hpi^ (1. 10 - 1 l)-pg U (1.10 — 20)-pg, uhQp 1juiuuijuiI|uiQ uibquiquiQ uipuiqnipjuiQ huuSuip Q puiguipduili 
uipuiqnipjuiQ inuipui&uilpuG puiquiqpp^p hunJuip IjuuiuiQuiQp hhuiUjuipi ipnjuuiquipd uinQ^nipjniQQhpp. 



1.10-18 



1.10-19 



1.10-20 



1.10-21 



1.10-22 
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7 4 (w)> 



1+5- 



y A(wp) - ^s-f- 



1.10-23 



GQqq&nnJ 1-28 - (1. 10 - 2l)-ni[ wpdiud A qnpdiubgp rfbp dbGp ^bGp oqwiuqnpdhi GbhumpuihiuG G^uiqpmpjmG, 
npndhbmb wjG pum piugiupdiulj uipuiqmpjiuG muipuicnuhiuG puujuujppjp qmjq $>mGligpui t b hbinhuipuip, hwdwdwjG 
(1. 10 - 16)-/?, iIGmdt GmjGp: 



bi qhpgmiqhu, IjiuiSuijuiljuiG v, u U w uihipulpuG uipuiqnipjniGGhpli huiiSuip oquii[hpiil (1-9 - 27)-niJ h (1.9 - 29)-niJ 
uipihui) •NUijlpuljuiG J ^ qnp&mliyt 1 pumuibniuni puiGuidhhppg, pG^iuhu Guih oquii|hpiil (1. 10 - ll)-ni|, (1. 10 - 12)-ni[ U 

(1. 10 - 13)-niJ uipihuc) puiguipduil) uipuiqnipjniGGhpli pihujliG h imupuifruiliuiG puiipunpp^Ghpli uuihu'uiGniu'lig, iShGp 
llunJuijuilpuQ puiguipduil] uipuiqnipjuiG punpunpp^Gbpli huiiSuip liuinuiGuiGp hhinhjuiL qhqhgpli puiGuidhp. 



/->0N2 _>()_> -,2 A-<>\ 2 , <-(><- , /«- \2 



1.10-24 



fmlj (1.8- 33)-p ilhg Ijppuinhpiil (1. 10 - ll)-mi, (1. 10 - 12)-ml U (1. 10 - 13)-nil uuihuuiGilui& puiguipduil] 
uipuiqnipjniGGhpli pihujliG U uiuipui&uil]uiG puiquiqpp^Ghpp uipuiuihuijinnipjniGGhpp, JiG^iqhu GuiU Ijppuinhpiil (1. 10 - 14)-ni[ U 
(1. 10 - 16)-n4 uipihufr uinG^nipjniGGhpp, iShGp buuiuiGuiGp puiguipduil] uipuiqnipjniGGhpli uiuipphpmpjuiG pihujliG U 
uiuipuifruilpuG puiipunpp^Ghpli dlouitinlunipjuiG huuluiuuipniu'Ghpp. 




1.10-25 



"bihuduiupiu (1.8-34)-p ilhg lippuinhmil (1. 10 - ll)-ml, (1. 10 - 12)-ml U (1. 10 - 13)-ml uuihuuiGilui& puiguipduil] 
uipuiqnipjniGGhpli pihujliG U inuipui&uil]uiG puiquiqpp^Ghpp uipuiuihuijinnipjniGGhpp, JiG^iqhu GuiU Ijppuinhpiil (1. 10 - 14)-ni[ U 
(1. 10 - 15)-n4 uipihufr uinG^nipjniGGhpp, iShGp buuiuiGuiGp puiguipduil] uipuiqnipjniGGhpli qniiiuipp pihujliG U uiuipui&uil]uiG 
pujipunpp^Ghpli dUuntinJunipjiuG huuluiuuipniu'Ghpp. 



1 /-_»o-»o -> \ 

1 A-o-> , -»0-> \ 
= f{ v v u v + "p v f ) 



<_o i A-0<-0 <- <- \ 

W P = c C v p"p "£ V p"p ) 

<- i a->°<- , «-°«- "\ 

W p = -±-f VpMp + i< p V p ) 



1.10-26 



UjGnihhuih (1. 10 - 25)-n\[ h (1. 10 - 26)-ni[ uipihu& ninjii] U hiulpuqpp piuguipduili uipuiqnipjniGGhpli uiuipphpmpjuiG U 
qmiiuipp uiuipui&uil]uiG puirpunpp^Ghpp uipuiuihuijuimpjniGGhpli iShg uihquiqphpul (1. 10 - 22)-niJ uipijuii) puiguipduil] 
uipuiqrupjuiG mufiri U huil)uiqpp piluijfiG puirpuruip^Ghpli uipuiuihuijuinLpjnLGGhpp huuSuiujuiuiuiuJuuiGuipuip v, u U w 
uipuiqiupjiuGGtipp huuJuip, iShGp mrpiri U huiljuiqpp puiguipduil] uipuiqnipjniGGhpli inuipuifruilpuG puiriuinpli^Ghpfi 
uiuipphpmpjuiG U qnnJuipJi huiiSuip liuuiuifiuiGp QuiU hhinkjui^ puiGuidkhpp. 



r T?p 


= A(vp)w P - A(w P )7p 


U 


J tip = A(vp)tvp - A(wp)v" P 


\ ^p 


= A(vp)T?p + A(«p)"vp 




| w P = A(vp )*u f + A(u f ) Vp 



1.10-27 



"biiuiGuiujtiu (1. 10 - 25)-niJ U (1. 10 - 26)-niJ inpijuii) mqpq U hiuliuinfip puiguipduilj uipuiqnipjniGGhpli uiuipphpmpjuiG U 
qmiiuipp pi[uijpG puiquiqpJi^Ghpp uipuiuihuijuinipjniGGhpli iShg inhquiqphpiq (1. 10 - 22)-niJ inpquii) puiguipduil] uipuiqnipjuiG 
mqpq U hiuliuiqfip pi[uijpG puiquiqpJi^Gtipp uipuiuihuijuinipjniGGhpp huiiJuiupuuiiuuJuuiGiupuip v, u U w uipuiqnipjniGGhpli 
huuSuip, pG^ujhu Guih l)hpuinhpiq (1. 10 - 27)-niJ uipijuii) huuSuiujuiuiuiufuuiG puiguipduilj uipuiqnipjniQQhpp uiuipui&uiljuiG 
puiquiqpp^Ghpp, iShGp IjuuiuiGuiGp A qnpduiliJigGhpli hhuiUjuq dkuuJinJunipjuiG puiGuidUhpp. 
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A(« P ) = A(v P )A( Wp ) + (g- W)^- 



A( Wp ) = A(v P )A(«p)- (g- ±s*)l£p- 
4 tr 



1.10-28 



UjchJ npiuhuqh <uijliiulpuQ liuipuiphpuiliuiGnipjuiu huiinnil] inhunipjuiG (1.8- 25)-nil U (1. 8 - 26)-nil uipihiii} nin]it\ h 
huilpiiruupd dhuutinJunipjuiG huuhiiuuipniu'Ghpp uipinuihuijinhGp v P piugiup&uili huipuiphpiulpuQ uipuiqnipjuiu'p, uiiuui npui 
huuSuip uiGlipuidh^ui t np uhGp v huipuiphpiulpuQ uipuiqnipjuiG huuSuip oquii[bGp (1.9 - 31)-nil, (1. 10 - 17)-ni[ h 
(1. 10 - 20)-n4 uipihufr puiQuidhhplig, hG^iuhu Quih oquuJhQp (1. 10 - 13)-ni[ inpi|ui& puiguipduil) huipuipapuilpuG uipuiqnipjuiQ 
puiiuunplyGtipli umhu'uiGniu'Jig: Ujuiupunil uhQp IpjuiuiGuiGp ^uijliuiljuiQ huipuiphpuiliuilinipjuiQ huiuinil] uihunipjuiG 
dhuuhnjunipjuili huuhiiuuipniu'Gapp uipinuihuijinihiifr puiguipduili huipuiphpuiliuiG uipuiqnipjuiiJp: 



♦ 4iujbiubiuG dLiiuipnpjmpjwG hiuiliuuiupmrfGhpp K h K mqpq pGhpgpmi hiurfiuliwpqhpli rfpph 



fliujiri dhuuhnJunipjniQlihp 


•iuilpjjiuupci dhuuhnJunipjniQQhp 




r 

t = 


A(v P ) + |^ 


-» ~V V _> 

t +g-l r x 


r 

~t = 


A(v P )-|^ 


t -g-^x 
cr 


•< 






u < 








~x = 


A(v P )-i^ 


X - Vp t 


> 

x = 


— » - 

A(v P ) + i,s-^ 


->l -> ->' 

X + Vp t 

















1.10-29 



♦ <ZwjbwbwG dhiuipnpjmpjuiG hiuijiuuiupmiSGbpp K b K huiuiuqpp pGbpgpmi huiiSuiuuipqbpp dppb 





flruhil duuuhnJunipjiiiGGhp 


•Niulpiinuipd dhuuhnhinipjniQQhp 


< 


r 

t = 


A(v P )-|^ 


<- "?p <- 
t -g—tfX 

u < 


<— 

t = 


A(v P )+|^ 


<-' "i?p <_' 
cr 




x = 


A(v P ) + \s^- 


X + Vp f 


<— 

x = 


A(v P )-i^ 


X 7 - "?p t 

















1.10-30 



"biiuiG dhrul uhQp Ipupnti hfip <uijliuil|uiQ huipuiphpuilpjiGnipjuiG huiuinili inhumpjuiu (1.8- 27)-niJ h (1. 8 - 28)-nil 
uipihiifr dhuujinhinipjuili huuhiiuuipniu'Gapp uipuiuihurjuihi v f piugiup&uui huipuiphpuil|uiQ uipuiqnipjuiiJp: 



♦ 4uijuiulpuG dbmipnpimpjmG Iiiui/iuuiupniGGbpp K b K pGbpgpui[ hiuGiubwpqbpp ilpph 

' 1 



t 



< 



A(v P )-l^ 



A(v p )-i^ 



t + 



sA(vp) + I 



X + V, t 



1.10-31ui 



♦ <ZwjhwbwG dhwipnpjmpjuiG hiuijiuuiupniiSGbpp K L K pGbpgpuii hiuiSiulpupqbpp iSpph 



A(vp) + \s-^- 



t + 



, S A(vp)-(g-|. S 2 )^ 



A(v P )+|^ 



Vp 
2 " C 



X - Vn t 



1.10-31p 
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♦ ^wjhiubwG dbuiipnpjmpjuiG hiudiuuiupmdGbpp K b K fiGbpgfiuii hiudiulpupqbpp dppb 



A( V p) + ~2 S ~c~ 



A(v P ) + |^ 



*A(v P )-(g- V) 



2 4 > C 



1.10-32ui 



X - V, t 



4iujhiubiuG dbuiipnpjmpjwG hiudiuuiupmdGhpp K b K pGbpgpm[ hiudiulpupqbpp rfpph 



A(v P )-i S - 



2 ' S C 



f + 



1.10-32 P 



X +v,( 



CQrj.q&niu' 1-29 - (1 .10 -29) -nil L (1 .10 - 30)-nd mpdiud -iiujlpiihiuG huipuiphpiulpuGnipjiuG huimmb mbumpjuiG 
huihiuqiupd dbiuipnpinipjiuG huiiluiuuipmilGbpp dbGp hiupnq bGp umuiGiui mqpq dbiuipnpinipjiuG huiduiuuipmdGbppg 
ipnpjbind v P puiguipduik hiupiupbpuihiuG uipuiqnipjwG GjiuGp: hdiuGuiu/bu (1. 10 - 31p)-nd b (1. 10 - 32p)-nd wpdiud 
■iuijhiubwG hiupiupbpuihiuGmpjuiG hiuwmh uihumpjiuG dbiuipnpinipjiuG huiduiuwpmdGbpp iShGp hiupnq bGp uwuiGw[ 
huidunqiuuiiuupjuiGuipuip (1. 10 - 3\xu)-nd b (1. 10 - 32va)-nd mpdwd dhuiipnpjmpjwG hwiluiuuipmiSGhpfig GmjGuibu ipnpjbind 
~v f pwgwpdiub huipuiphpiulpuG uipuiqmpjiuG G^uiGp: PGju/bu Gwh ^dnnuiGiupid pnpip qbiqpbpmd puuiquidnp 
uiniuGgpuipdhpp qiupdGbi uiGpjuiq h huipiuniubp ' uiGpjuiq uiniuGgpiupdbpp qiupdGbi pnuqiudnp: 



Uju puidQJi ipjpgmiS, npiqhu hhuuuppppp oppGuili, pGGuipbhGp K mqhq pGhpgpuq huuSuilpupqniu' a hiuuiniuinniG 
uihquilpuG uipiuquigniu' niGhgnq ipnp&GiulpuG uuiuGphip 2uipdu'iuG hGuipuiipipnipjniGp: <iuuuiuiumiG uihquilpuG 
uipiuqiugniunil 2uipdu'iuG qhiqpniiS, huiuuidiuj G (1.8 - 3)-p, ipnp&GiulpuG uuiuGJilih inhrpulpuG uipuiqnipjniGp IpJiGfi. 

w = ~a t 

(1. 10 - 33)-pg hhinUniiS t, np ihnp&GiulpuG uumGphip inhrpulpuG uipuiqnipjniGp uiGilhpg lSatJuiGnuJ t, hhuilaupuip, 
hunSui&uijG luugnpq puidGJi (1.11 - 81)-p, hiuuiniuinniG inhrpulpuG uipiuqiugniunil 2uipdniiS hGuipuiipip t hph 
dwu'iuGuilpuuiiupuifrnipjuiG s l ^ hiuuiniuinniG qnp&iulihgGhpp iSpiuduiuuiGuili puiihupuiphG hhuihjuq iqiupSiuGliG. 



s > 



8>0 



1.10-33 



1.10-34 



1ml) hph dunJuiGuiliuiuruipui&nipjuiG lpurmigi|ui&pp pGmpuiqpnq s h g hiuuiniuinniG qnpfruililig Ghpfig npht iShlpr tJiQJi 
puiguiuuil)iuG iJh&nipjniG, uiiqui huiuuiuiuiniG uihquilpuG iupuiquigniu"ni[ 2uipdmlS liGiupuiiprp it: 

UjdiJ oqini[hpri[ (1.10- 11 )-ni[ U (1. 10 - 12)-ni[ uuiliiSuiGquii} puiGuidhhpfig U uijGuihq uihquiqphpiq uihquiliurG 
urpuiqnipjuiG (1. 10 - 33)-ni[ inpi|ui& uipuruihurjurnipjniGp, iShGp huiuuiuiuiniG uihquilpuG uipiuquigniu'ni[ 2uip<J4 ni l 
ipnp&GiulpuG uuiuGphip puiguipduil) uipuiqnipjuiG pipjijpG h iniupiu&iul|uiG puiquiqpp^Ghpp liuuiuip IpiuiuiGuiGp hhuihjuq 
piuGiudhbpp. 

1 „ 



r<(w)v 



l+s 



a t 

c 



+ 8 



a t 



1.10-35 



a t 



a t 



+ 8 



->2->2 

a t 



CQrj.q&mu' 1-30 - UbGp uij[bu jbGp guiGhuiGmd [unpiuGuii uipuiqwgmdnd 2uipddnq dinpdGiubwG dwuGfibli 2uim wp 
qwpdiuGwhpui2 huimbmpjniGGbpJi dbp, npndhbinb qpiuGp dbGp feiupiuqpbGp dbp hiugnpq hnqdiudmd, npp pipd Gdjipduid 
IppG/i mqmm Ipud mdiuj/iG qui2uimd qmGdnq dwuGpuji Ipud dwuGfibGbp/i hiudmpjdpp 2uipddwG hbwwqnwdwGp (4wjlpubwG 
huipuiphpiulpuGnipjiuG dbpuiGplpu): Uju dinpp oppGuiund dbGp upupqwiqbu giuGbwgwGp dfiwjG G2b[ pb fiG^piuG pGwbiuG 
diuGmiguiphnd uuiiugiuGp (1. 10 - 35)-nd inpdmd piuGmdbp, npp uipqfi hwpwpbpiulpuGmpjiuG inbumpjwG qiuuuiqppbpmd 
«qnipu t pbpdmd» uifiupupuipmpjuidp (uil/Gpuippui/pG JiuiGquwp fiGbpgpui[ hiudiulpupq b uiJ[GJ, npndhbinb jbG hiupnqiuGmd 
muippbpuihhi mbqwlpuG b piugiupdwh uipuiqmpjniGGhpp: 
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1.11 - <lujLiluI|luQ <iup.iupbpiut[iuGnipjiuG 4,iuuinit[ SbunipjiuG 
UniuQdQiuhiuuinili 'l-tiujpbpp 

•iwjlpulpuG huipiuphpuiliuiGnLpjuiG hiuinnili inhumpjuiG hpGq uinuiQdQuihuiinnLli ntnqptipp uipdh huiGquiUuiGnphG 
pGGuipqhi; Uhui uajq uinuiQdQuihuiinnLl| rjhuiphpp 1|uiJii4uj& s U g qnpduiliJigQhpli hhinUjiu^ uapdhpQhpJig. 





1) 


s = 


L 


g = o 




2) 


s = 


U 


g*o 


< 


3) 


s * 


U 


g = o 




4) 


s * 


U 






5) 


s * 


U 


g * 0, £ * (j-sf 



■fiuiGp np uihquiqiuG U puigiupduili uipuiqnipjniQQhp|i uuihtfuiGuijliG uipdhpGhpp lpujiiilui& hG 
duHiuiQuiliuiuiuipuidnLpjniQp pQmpiuqpnri s k ^ qnpduiliJig Qhpfi uipdhpGhpfig, uiiqui pGuilpuG t np tihGp dhpnG2juiL pnpip 
hpGq uinuiQdQuihuiinnLli nhujphpli huiiSuip s k ^ qnpduiliJig Qhpfi npryiSuiG inJipmjpQhpliQ hunSuiu[uainuauJiiuiQ guiGlpuGuiGp 
quiGtq inarpulpuG U puiguipduil) lupuiqnLpjmGGhpp qnjnipjuiG uippnypGhpn: 



1 . UnujppG wnwGd Gwhwinm h qbiqpp 



s = 
g = 



1.11-2 



♦ Uju qbujpJiG hwmml] uinG^mpjniGGbpji 
Uju umuiGdGuihuiinnil] qtnqph huiuuip, (1.9 - 30)-p U (1. 10 - 17)-Ji iShg inhquinpapul (1.11- 2)-niJ uipduifr s-Ji II g-\i 
uipdhpGhpp, uhGp IpuiSuijuilpuG w inhquilpuG uipuiqnipjuiG huiiSuip huinuiGuiGp hhinhjuq upujuuiGGhpp. 

w = w > 
w = -w = -w < 
7i(w) = / < (w) = nM = 1 > 



1.11-3 



♦ AuijbiwjJiG wGripwqwpSGwfr dbwip.n[unipjwG hwGwuwpmiSGhpp 
(1.8 - 15)-n4 Ipuu (1.8 - 17)-ni[ inpUuifr inuipui&uilpuG huijhRujpG mGnpuinuipdilui& <uijlpuliuiG dkuiUinJunipjuiG 
hmduiuuipniuGhpli uhg lihpumhpiil (1.11- 2)-p h ^oqinuiqnpfrhpiil UhlluinpuilpuG G2uiqpnipjniGp, uhGp IpunuiGuiGp. 




t = t = t 
jt — —x — —x 



1.11-4 



♦ 4iupuiphpiuliwG 2iupdrfiuG dhmifinpjmpjmG hiutiiumupmiSGbpii 
•iuiiiuiduijG uiju uinuiGdGuihuiinmli nhiqpp, (1.11 - 3)-nil U (1.11 — 4)-niJ inpihiii) upujuuiGGhpp lijipurnhpnj (1.8- 25)-nq\ 
(1.8- 26)-niJ, (1.8- 27)-ni[ Ipuu (1.8- 28)-n4 inpihufr iuijliuilpuG huipuiphpuiliuiGnLpjuiG huiuinil] inhumpjuiG 
dkuaiJinlunipjuaG huuhuuiupmuGhpli uhg, pG^ujhu Guih GmjGu[hu ^oqinuiqnp&hpul 4hlpnnpuilpuG G2uiqpnLpjnLGp, uhGp 
huinuiGuiGp Q-iup^pajfi dUuu}inJunipjuiG huuhuuuipnLuGhpp. 
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fluiJui dhunfmfunLpjnLGGhp <uiquiquipd dhunpnfunLpjnLGGhp 

t' = t u (t = t> 1-11-5 

x' - x-vt ] x - x' + vt' 

♦ UpwqmpjniGGbpp huiGdwG U qniiSiupduiG pwGiudhbpp 

l»uq (1.8- 29)-ni| h (1.8- 30)-niJ inpihui) uipuiqnLpjniGGhpp qnitiuqiiSuiG U hiuGuuiG piuGiudUhpp GhuiupGliGhG Q-uqjiphjP 
uipuiqnLpjniGGhpp qnitiuquSuiG U hiuGuuiG puiGuidUhpp hhin JiG^iqhu gnyg t inpduifr uuinpk. 

{w = u + v 
1.11-6 
u = w — v 

♦ ShqwlpuG mpmqnipjmGGbpp qnjmpjiuG uippmjpGbpp 

I < w < oo I 1.11-7 



2. bflljpnpq lumuGdGiuhiuuimq- qhujpii 



s = 
g * 



1.11-8 



♦ Uju qbujppG hwuimlj ujnGjnipjmGGbpp 
Uju umuiGdGuihuiinnili nbiqpp huiuuqi, piuGp np s = 0, uiupu (1.8) puitfGnuJ pduqilphui} pnpip 
uiGhmiJui^uiipnLpjnLGGhpp 4hpuiGnnS hG: •i.Qinuuipuqi pnpip ;ppqp4uil]uiG lihfnupjnLGGhpp iShGp quipnq hGp qptq uinuiGg 
q^iqumpuilpuG G2uiqpnLpjuiG: Ujuiqpunil (1. 10 - 17)-p ilhg qppuinhpiq^ (1.11- 8)-p, iShGp qunSuijuiquiG inhnuiquiG 
uqiuiqnLpjniGGhpp, pG^iqhu Guih puiguqiduili uipuiqnipjniGGhpp pihujpG h inuipuiduiquaG puirpunpp^Ghpp quipnq hGp 
oquiuiqnpcrtq uinuiGg 4hlpnnpuilpuG G2uiqpnipjunSp htunUjuq qhpiq. 



w = w > 
w p = w{! > 
w f = Wp > 



w = —w 



< 



v?p = w% > 



1.11-9 



w„ = — w 



P <0 



Uju hplninpq uinuiGdGiuhuiinnili qhuiph hunSuip, huuSuidwjG (1.9-30)-p, (1.9-33)-p, (1. 10 - 19)-p, (1. 10 - 20)-p U 
(1.11- 9)-p, iShGp <iujquiquiG qnpfruiqgp huitiuip GuuiiuGuiGp hhuiUjui^ uipinuihuijinnLpjnLGGhpp. 



7<(w) = X<(w) = 7<0) 



1+; 



c 2 



g-f =A(wp)>0 



1.11-10 



(1.11- 10)-pg hhinUniiS t np inhnuiquiG U puiguipduiq uapiuqnLpjnLGGhpp qnjnipjuiG uippnijpGhpp iShGp Ipupnq hGp npn2tq 
htunUjuq mGhuiihuuuipnipjniGGhppg . 

i +g 4 >o 



l-g^f>0 




1.11-11 



♦ AwjbiwjpG luGiipuiquipdGwfr dhiuipnpjmpjiuG hwGwuwpmiSGbpp 
(1.8 - 15)-niJ liunJ (1.8 - \l)-m[ uipi|ui& muqiui&uiquiG huijhpujJiG uiGqpiunuipdU > ui& dhunpnfunLpjuiG <uijlpulpuG 
hunhuuuipniu'Ghpp iShg lippurnhpnj (1.11- 8)-niJ inpihui) upujuuiGp h ^oqinuiqnpi>hpii[ UJjlluinpuilluiG G2iuqpnipjniGp, iShGp 
IpnnuiGuiGp. 
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\ t = t = t \ t = t = t 

|y = _/ = _y ~ \ S = -1 = - x 

♦ ■iwpuipbpiubuiG 2iupdiSiuG ^uijbiubuiG dbuiipnpjmpjuiG huiGuiuuipnidGbpp 
"buuiGuiu]hu (1.8 - 25)-niJ, (1.8 - 26)-ni[, (1.8 - 27)-niJ U (1.8 - 28)-niJ inpipjii} ^uijlpulpuQ huipuiphpuiliuiGnLpjuiG 
huiinmli inhumpjuiG duuupnJunLpjuiG pnpip yipui huu|uiuuipniuGhpp uhg l)ppuinhpii[ (1. 11 - 8)-ni[ uipipjifr upupSuiGp U 
QmjQu[hu ^oquuuqnp&hpul ilhlpnnpuilpuG G2uiqpnLpjniGp, iSUQp liuinuiGuiGp uJiLGnijG nupiri U huilpurpupd dUuiipnJunLpjuiQ 
huupjiuuipnLu G hpp . 

fluilui dUuiipnpjnipjmSShp <uilpurpupd dUuiipnpjnipjmSShp 

x' = y<(v)(jc-vf) | x = r 4 (v)(x' + vf') 



1.11-12 



1.11-13 



l»ul[ (1.9 - 40)-n4 inpipjii) upguilpujpp puinuilinium huiiSuip uhGp IpjinuiGuiGp hhinUjua^ uapinuihuijinnLpjnLQp. 

b 2 = c 2 t' 2 + gx' 2 = c 2 t 2 + gx 2 > 1.11-14 

♦ SbqiubiuG uipiuqnipjmGGbpp ilpgb bquid umG^mpjniGGbpp 
4uiuuiduijG (1.8 - 29)-p, (1.8 - 30)-p, (1.11- 8)-p U (1. 11 - 9)-p, uihquiquiG uipuicpiLpjnLQQhpli qniuuipuuiG li huiGuuiG 
huiiSuip uhGp IpjinuiGuiGp hhuiLjuq puiGuidLtipp. 

UpuiqmpjniQQhpli qniuuipuuiG puiGuidLp UpuiqnipjniGGtipli huiGuuiG puiGuidUp 

... _ u + v i, , . _ w-v 1.11-15 

c 2 c 2 

iMiq huuuuduijG (1.8 - 32)-Ji, (1.11 - 9)-Ji U (1. 11 - 10)-Ji, <uijquil[uiG 7^ qnp&uilipgGhpp dUuiipnJiinLpjnLQQhpp huiuuip 

uhGp IpjuiuiGuiGp hhmLjuqpuiGuidLhpp. 



1.11-16 



r<(") = r<(v)/<(w)(i + g^) 
y<W = y 4 (v)y < («)(l-g^-) 

♦ fiuiguipduib uipiuqnipjmGGbpp iSppb bquid lunGjmpjmGGhpp 
•iuiiiuiduijG (1. 10 - 27)-Ji U (1. 11 - 9)-p, puigiupduili uipuiqnipjniGGtipli uiuipuifruilpuG puiquiqpp^Gtipli huiGuuiG U 
qniiiuipuuiG huiiSuip uhGp liuinuaQuiQp htunLjuq puiQuidUhpp. 

i P = A(Vp)n> P -A(Wp)Vp 1 ^ ^ 

c P = A(vp)Mp + A(«p)v P 

ImiIj huiiiuiduijQ (1. 10 - 28)-ti, (1. 11 - 8)-Ji U (1. 11 - 9)-p, A qnpfruiligp dUuiipnJunLpjuiQ huuiuip uhGp quinuiGuiGp 
hhinUjuq puiGuidUhpp. 

A(«ip) = A(vp)A(H-p) + g^i 



c l 1.11-18 



A( Wp ) = A(vp)A( M p)-g^ 

"buuiGuuqhu, hunJuiduijQ (1. 10 - 25)-[i, (1. 10 - 26)-p, (1.11- 8)-p U (1. 11 — 9)-Ji, IpjiuuijuilpuG puigiupduili uipuiqnipjuiG 
puiquiqpp^Ghpli mqpq h huiquiquipd dUuiifinJunipjniGGhpli huiiSuip uhGp IpjuiuiGuiGp hhuiujuq huiihiiuuipniuGhpp. 

fliqhq dhuiq^nhinipjniGGhp •Niuqiuquipd dUuufinJunipjniGGhp 

J 11° = ^(VpX! + gVpWp) J w° = l(vO M 0-gv pM p) 1.11-19 

I Mp = -^(VpWp - WpVp) I W p = -^(Vpifp + MpVp) 

<iuuiudiujG (1. 10 - 24)-Ji, (1.11- 8)-Ji U (1.11 — 9)-p, puigiupduili uipuiqnipjniQQhpli pijuijlili U uiuipuiduiliuiQ 
puinuinpp^Qhpp puuluipuipruu hQ htunUjuii uQuijiuQ uinQ^nipjuilip. 
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(4) 2 + g(u P ) 2 = (w<>) 2 + g(w e ) 2 = c 2 

ImiIj, huiuiuduijG (1. 10 - 23)-p U (1. 1 1 - 10)-p, inhrpulpuG U puiguipduui uipuiqnLpjnLGGhpp (inuipui&uilpuG 
puirpunpp^Ghpp) upgh inhqh niGhG hhuihjuq umG^nipjniGGhpp. 

r 



1 



♦ SbqiulpuG b piugiupdwb mpmqmpjmGGbpp qnjmpjuiG mppmjpGbpp 
ShquilpuG h puiguipduui uipuiqnipjniGGhpp qnjmpjuiG inppmjpGhpp qinGhpn huuSuip uhGp Ipupnq hGp oqinUhl 
(1. 11 - 9)-pg U (1.11 — ll)-pg: Ujuu[puni[ iShQp luhinp t pu&hGp hhinUjiu^ uaQhuai[uiuuapnipjniQQhpli huiuuilpupqp. 




.2 

f <1 



•fiuiGp np (1.11- 22)-rul inp4ui£> uiGhuii|uiuuipnipjniGGhpp hunSuilpupqp lpului|ui& t lJpuijG g qnpfruiqgp nprytiuiG 
uippmjppg" G^uiGpg: ^huihuipuip inhrpulpuG h puiguipduil) uipuiqnLpjnLGGhpp qnjmpjuiG mppnijpGhpp IphGhG. 



1 


r ui) 


hph 


8 < 


U1U1U1 


< w < c i j— i- 


h 


< w P < co 






hph 


8 > 


U1U1U1 


< w < go 


h 


< w v < c^X 



3. bflpnpq uimuGdGiuhimnmq- qhujpu 



.5*0 

8 = 



♦ Uju nbujppG hwuimlj mnG^mpjniGGbpp 

(1.8) puidGmii pihuplii|ui& pnpip uiGhuiuui^uiihnipjniGGhpp h hbinhuipuip Guih pnpip puiGuidUhpp uiuihuiuiGilniiJ hG: 
UhGp uijuuihq IplhpljuijuigGhGp lJpuijG uijG puiGuidhhpp h hunhuuuipnLu'Ghpp, npnGp niGhG uiljGhuijui inuipphpnipjniGGhp: 

(1.9-30)-niluipilui& quiuiSui qnp&iuqpgGhpn, huiuiuduijG (1.3- ll)-p, (1.8-9)-p, (1.9-33)-p U (1.11 - 24)-p, uiju 
uinuiGdGuihuiuinili nhiqpp U IpuuuijuilpuG inhrpulpuG w uipuiqnipjuiG huuSuip, IpJiGhG. 



r<00 



i + .f 



> o 



jl+sf > 



(1.11- 25)-n4 inpihui) quiiMui qnp&uilipgGtipp puuhnpuipniu hG hhuiUjuq umGyiipjuiGp. 

y<(w)r<(w) = i > o 

•iiuiiiudiujG (1.2 - l)-p, (1.8 - 8)-p h (1.9 - 33)-p, uihqunpuG uipuiqnipjniGGhpp huuJuip lJhGp liuuiuiGuiGp hhinhjuiL 
ui Ghuu[uiuuipnipj ni G Ghpp . 
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w = w > 

1 + sf- > 

W = — *-— = — <o 

l + ,f 

•ihuikuipuip (1.11- 25)-nil uipihiifr quiiMui qnp&uili pg Ghpp uipuiuihuijuiilui& mr|pii uipuiqnipjuiu'p h uinuiQg 
ilhlpnnpuilpuG G2uiqpnipjuiup, huiuuiduijG (1.11 -27)-p, IpJiGhG. 



, w 
c 



r<00 = 

"biiuiGuiuihu (1. 10 - 21)-n4 uipihufr puuqui qiipfruiligfi uipuiuihuijuinipjniGp, huiiiuiduij G (1.11- 24)-p, h,phGp. 



♦ -iuipuipbpmlpuG jiupdiiiuG -ZiujlpulpuG dhuiifinfumpjuiG hiuUiuuiupmrfGhpp 
(1.8 - 15)-n4 h (1.8 - 17)-n4 uipipnij huijhpujfiG uiGiipuirpupdihiiij dkuii}inJunipjuiG ^uijlpulpuG huii|uiuuipniuGhpp liCnuS 
hG QnijQp, huh, (1.8 - 25)-ni[ uipi|ui& <uijlpuh,uiG huipuiphpuilpuGnipjuiG huiinmli uihunipjuiG nuijiri U huilpurpupd 
dhuiipnpinrpjuiG huiipuuuipnru'Ghpp, huiuuiduijG (1.9 - 3 1 lipGrpiiGhG hhmkjuit uihupp. 

flutfm ^ltuii}inpjnipjniQQhp <uiliuirpupd dhuupnhinrpjnrGGhp 

/ = n (V)t u f? = r<00?' 

x' = Yi,(y)(x- v?) I * = 7<(v)(x'- v~?) 

"biiuiGuiuihu (1.8 - 26)-n4 uipipufr <uijlpuliuiG huipuiphpuilpuGnipjuiG huiinnili uihunipjuiG nrqhq h huilpurpupd 
dhuiihnhinipjuiG huiipuuuipnru'Ghpp, huiuuiduijG (1.9 - 31)-p U (1.9 - 32)-p, IjpGrprrGhG hhinhjuiL uihupp. 

fluijrr[ dhuupntnnrpjnrGGhp <uilpiiipupd dhuupntnnrpjnrGGhp 

x ' = 7< ( v ) (x - vT) ) * = r<(v)(*'- vV) 

tmli (1.8 - 27)-n4 uipipuir ^uijlpulpiiu huipuiphpuilpiiGnrpjuiG huiinnili uihunipjuiG dUuupnJumpjuiQ huupuuuipnriJGhpp 
llpGrprrGhG hhurhjuiL uihupp. 

r = Yi (7) (j + s L t ) ^ f r = r < (v) (Y + 4?') 

= -7<(v)(?- v?) | £ = _ /<( V)(Y-V?') 

"biiuiGuiiuhu (1.8 - 28)-nil uipipuir ^uijlpulpuu huipuiphpuilpuGnrpjuiG huiinnili uihumpjuiQ dhuiihnhinipjuiG 
huiipuuiupnriJGhpp, huiuuiduijG (1.9-31)-hh (1.9-32)-h, IrpGrpirGhG hhinhjuiL uihupp. 

7 ' = r<(V)(f+4 J ) f " = /<00p' + 4*') 

7' = -r< (V) (S - W) ' ! | ? = - 7< (7) (V - 

<h2ui t uihuQh^np, (1.11 - 30)-niL (1. 11 - 31)-ni[, (1.11 - 32)-nil h (1.11 - 33)-nil uipihud pnpip 4,uijijuiIiuiG 
dhuiihnhinipjuiG huiipuuuipniu'Ghpp, huuSuiduijQ (1.9 - 40)-p, puiipupuipniu' hQ tipguilpujpp hhuihjuit umGyirpjuiGp. 

,-»'2 -><_,/ ,->2 ->_, (-12 <->«_, «_2 <_,_ 

ff = c t + set x = c l t + set x = c z t + set x = c 1 1 + sc t x > 
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♦ SbqwbuiG uipiuqmpjmGGbpp iSpgb bquifr wnG^mpjmGGbpp 
ShquiquiG uipuiqnipjniGGhpp (1.8 - 29)-m[ U (1. 8 - 30)-ni[ inpihufr qnitfuipuuiG U huiGuuiG puiGuidhhpp IppGhG. 

fliqpq uipuiqnipjniGGhpp huiiJuip 4uil)uirjpp uipuiqnipjniGGhpp huiiSuip 



W = U + V + s 



V u _ u — V 

c " i + 4 



W = U + V + s 



V u _ u - V 

c " i+4 



U = W + V + s- 



U = W + V + s- 



1 + ,^ 



(1.11- 35)-n4 inpihiii} inhquilpjiG uipuiqnipjniGGhpp qnitiuipuuiG U huiGuuiG puiGuidhhpp lJpuijG ninjiq uipuiqnipjniGGhpp 
huiiSuip uinuiGg iltquinpiulpuQ G2uiqpnipjuiG, huiu'uiduijG (1.11- 27)-p, IpJiGhQ. 



w = u + v + s J 



l+s^ = (1 + «-£)(! +sf) 



I^uq hiuuiudiujG (1.8 - 32)-p h (1. 11 - 24)-p, <uijqualpuQ qnp&iuqpg Qhpp dhuiihnpinipjniGGhpp huiu'uip iSUQp 
IpiinuiGiuGp hhinhjuq puiGuidhhpp ilhlpnnpuilpiiG G2iuqpnipjuiup. 

J r<(") = r<(v)y<(w) f r< (u) = r 4 (v)y 4 (V) 

1 = r<09r<00 ' 1 r<(-) = n(V)n(tr) 



1.11-35 



1.11-36 



1.11-37 



♦ Piugiupdwb uipuiqnipjniGGhpp rfppb bquifr uinG^mpjniGGbpp 
(1. 10 - 27)-n4 inpihiifr puiguipduil] uipuiqnipjniQQhpp uiuipuiduiquiQ puinuinpp^Ghpp huiGuuiG h qnitiuipuuiG puiGuidhhpp 
iSQniiJ hG GnijGp, puijg (1. 10 - 28)-niJ inpihiii) h uiju uinuiQdQuihuunnil| qhiqph huiiSuip (1.11- 29)-niJ npn2ihii(} A 
qnpduiqpg Qhpp dhuiipnpinipjuiG puiGuidhhpp, huiuuiduijG (1.11- 24)-Ji, IpJiGhG. 



A(w P ) = A(v P )A(w P ) ■ 



1 „2 V P VV P 



A( Wp ) = A(v P )A(« P ) + i* 2 ^- 
c 

ImiU, (1. 10 - 25)-niJ uipihui) puiguipduiq uipuiqnipjniGGhpp uiuipphpnipjuiG pipiijpG U inuipui&uilpuG puiquiqpp^Ghpp 
dhuiipnpinipjuiG huuhiiuuipniu'Ghpp IppGhG. 



1 <-0->0 



1 -><><_<> 



I /->0-» ->(>-> \ 



J A-0<- <-(>«- \ 



"biiiuGuuqhu (1. 10 - 26)-n4 inpihiii} puiguipduiq uipuiqnipjniGGhpp qniuuipp pipiijpG U uiuipui&uiquiG puiquiqpp^Ghpp 
dhuiipnpinipjuiG huuhiiuuipniu'Ghpp IpJiGhG. 



1 ->0_>0 



1 <-()<-() 



1 /<-<>-> , ->()^ \ 

f{V v U P + M p Vp ) 



1 /-»0<- <-()<- \ 
= ^( V r » p + Mp Vp ) 



Puiguipduil] uipuiqnipjniGGhpp piJuijpG h uiuipuifruiquiG puiquiqpp^Ghpp, huiuuiduijG (1. 10 - 24)-Ji, puuluipuipniiJ hG 
hhuihjui^ uGuijniG uinG^nipjuiGp. 



l^Gjuihu Guih, huuJuiduijG (1. 10 - 23)-p U (1.11 — 28)-h, uihquiljuiG h puiguipduilj uipuiqnipjniGGhpp (inuipui&uiljuiG 
puiquiqpp^Ghpp) upgh inhqp niGhG hhinhjui]^ uinG^nipjniGGhpp. 



1.11-38 



1.11-39 



1.11-40 



1.11-41 
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> 



1.11-42 



A( Wp )- 



1 „ vv p 

2 S C 



> 



♦ SbqwlpuG L piugiupdwh wpwqmpjniGGhpp qnjmpjuiG mppmjpGhpp 
ShrpulpuG h piuguipduih, uipuiqnipjniGGhpli qnjmpjuiG inJipnijpGhpp npryhpii huitiuip tihGp iqhinp t oqinqMiGp 
(1.11 - 27)-pg h (1.11 - 42)-niJ inpihiii} puigiupduih, uipuiqmpjiuG piuGuidhhg: Ujuiqpunil iShGp iqhinp t piifrhGp hhinhjuiL 
uiGhuii[uiuuipnipjniGGhpli huiiSuih,uipqp. 

r 

w > 



1 + s^- > 



1.11-43 



JTT7 



i 



kiujuihiifr s qnpduiligp npn2iJuiG inppmjppg' G2uiGpg, inhrpulpuG h puiguipduil) uipuiqnLpjniGGhpp (inuipuifruilpjiG 
puirpurpip^Ghpp) mGhG qnjmpjuiG hhinhjuit inppnijpGhpp. 



r ui) 


hph 


s < 


UlUJUl 


< w < -^-c 


k 


< Wp < oo 




hph 


s > 


U1U1UI 


< w < 00 


U 


< Wp < oo 



1.11-44 



4. Qnppnpq mnmd&Hmhmuimli i}hujp[i 



g = as) 2 



1.11-45 



♦ Uju rjhu/ppG hmuimli mnG^mpjniGGbpp 

(1.8) puidGniiJ pihuplp|iu& pnpip uiGhunSui^uiitinipjniGGhpp U hhuihuipuip Guih pnpip puiGuidhhpp uiju mnmGdGuihuiuinih, 
nhiqph huiiSuip GmjGu[hu upjahupuGihiiu' hG: Puigh uijq, uiju lunuiGdGuihuiuimli nhiqpmiS, npn2 puiGuidhhp g = (-^s) 2 
uipdhph nhiqpmu' uijpuuhpipiiu' hG h hhuihuipuip iShGp uijuinhri IpGhplpujuigGhGp iSpuijG uijG puiGuidhhpp U liuu|uiuuipniiSGhpp, 
npnGp mGhG uilpGliuijin inuipphpmpjniGGhp: 

Uju uinuiGdGuihuiinnili nhiqpp huiuuip, hunSuiduijG (1. 10 - 21)-Ji, A qnp&uil[pgp liniGhGui hhinhjuiL uipdhpp. 

A(w P ) = 1 hhuihuipuip ~2~|' s ~l^~| < * 

hulj (l.g-SOJ-nilinpiluid^iujquilnuG qnp&uiljhgGhpp, liuiuuiduijG (1.9 - 34)-p, (1. 10 - 20)-h U (1. 11 - 46)-h, 
llunJiujuilpuG uihrpuljuiG w uipuiqnipjuiG hunJiup IpiiGhGuiG hhinUjua^ inhupp. 



7 4 (w) = 
Y t Qv) = 



1 + -ks-*^ 

2 C 



= 1 



W > o 



1.11-46 



1.11-47 



(1.11 — 47)-niJ uipihiii) 4uijl)uilpuG y ^ qnp&uilipgGhpp uipuiuihuijuinipjniGGhpp, hunSuiduijG (1. 10 - 18)-fi h 
(1. 11 - 45)-p puiihupuipnuJ hG Guih hhinhjiu^ uinGyiipjuiGp. 



7<(w)7i(p) = 



WW 

^2 



(i+f4)(i + i-4) 



1.11-48 
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(1.11- 48)-pg iShGp UuinuiGiuGp hhinUjua^ QnijQnipjniQp. 



> 



1.11-49 



♦ ■iiupuiphpiutpuG 2iupdiSiuG ■iui/Guil/uiG dliimpnpjmpjuiG huiduiuuipniMbpp 
(1.8 - 15)-n4 U (1.8 - 17)-n4 inpipiii) huijhpjijpG uiGrpiuirpupdipiii) dlompnJunipjuiG •iuijlpulpuG hiui|uiuuipniiSGhpp iSGnuJ 
hG QnijQp, pull (1.8- 25)-m[ inpi[ui& <iujlpuliuiG huipuiphpuilpuGnipjuiG huiinnUi inhunipjuiG nupiri U huilpuniupd 
dLunpnJunipjuiG huiipiiuuipnLu'GQpp, hunSuiduijG (1. 11 - 45)-Ji U (1. 11 - 47)-p, IpiGrpnGhG hhinujuiL uihupp. 



fluipri duuiipnfunLpjnLGGhp 

1 + 2 4 C 



•iwlpiiipupd dlLunpnJunipjniGGtip 

l+ 2 S C 

1 f _»> <_->'\ 

X = 4 — — \x — V t ] 

i + ^ v 7 



1.11-50 



"biiuiQ dUnil liqpdhG GuiL (1.8 - 26)-ni[, (1.8 - 27)-niJ U (1.8 - 28)-n4 inpipiifr ^uijlpulpuG hiupuiphpuilpuGnLpjuiG huiinml] 
uihumpjuiQ ujmu hphp dlLUiipnJunipjiuG huiipiiuuipnLu'GQpp: 

UjQnihhinU, huiuuiduijQ (1. 9 - 34)-p U (1. 1 1 - 45)-p, iShGp (1. 9 - 40)-ni[ U (1. 9 - 41)-nil inpi[ui& iSpguilpiijpp U pp 
Hp^lipliligpunp hunSuip, uiju umuaQdQiuhuainnili ntiuipniu', IpiinuiGuiGp hhinUjuiL puiGuidUhpp. 

, -*' 1 -»' -* 1 -» *-' 1 <-' <- 1 «- r. 

b = ct + -jsx = ct + -jsx = ct + -jsx = ct + -jsx > 

db = cdt + ^-sdx = crfT* + = crfV + ^-sctx = cdtt + ySd*! > 

fmli (1.9 -42)-niJ U (1.9 -43)-nil inpipufr iSpguilpujpp U pp qp^hphfigpuiiji hunSuip, GmjGiuhu hunSuiduijG (1.9 - 34)-p U 
(1.11 -45)-p, iShGp buinuiGuiGp hhinUjiu^ puiQuidUhpp. 



1.11-51 



1.11-52 



db 



> 



OqinilhpuL (1.11 - 52)-pg, iShGp (1. 10 - l)-ni[ uuihiSuiGipiifr puiguipduili duiuuiGuilip U pp rLp^hptiGgpuip^ huaiSiup 
lluuiuiGuiGp htunlijuiL puiGuidUhpp. 



1 



(i + i4Y = (i + 1-4)7 = (i + T .4)r' = (i + T ,f )v > o 



1.11-53 



♦ SbqwhuiG uipiuqnipjmGGbpp iSpgh bquifr wnG^mpjmGGbpp 
Oquiilhpiil (<U - 21p)-ni[ U - 21q)-m[ l|unS (<1 - 23p)-nO L U (<1 - 23q)-n4 inpijuid umGyiipjniGGhppg, pG^ujhu GuiU 
(1.9 - 34)-pg, uiju umuaGdGiuhiuinnili nhujpp hiuiJuap tihGp liuiniuGuiGp hhinUjuiL uinG^nLpjnLGGhpp. 



1 + i.f 



1 + 



1.11-54 
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♦ Pwguipduip uipuiqmpjmGGbpp h wbquil/uiG uipuiqmpjmGGbpp u~pj>h bquid uinGjmpjmGGbpp 
(1. 10 - ll)-ni| U (1. 10 - 12)-nil uuihuuiGi|ui& puigiupdiuq lupuiqiupjinGGtipp pduijpG U inuapiu&iulpuG puiquiqpp^Ghpp, 
hunSuidiujG (1.11- 47)-p, InJiQhQ. 



w p = y<(. w ) c 



7<(w)> 



1 + 



1 + -L s w. 



= 7iQv)c = 



1 + -^-s^- 

1 + 2 4 C 



1.11-55 



Oqimlbpii} (1.11- 46)-Jig, tftiGp (1. 10 - 22)-nq' inpijuii) puigiupdiuq uipuiqnipjuiG pqMjijJiG piurpuqpp^Gtipli hunSuip 
lluinuiGuiGp. 



Wp = [ 1 + \s^- \c > 



1.11-56 



Imq oquidjapiq 1 (1- 10 - 23)-pg U (1.11 — 46)-pg, lJhGp qiupnq hGp qunSuijiuquiG nLqJiq U huiquiqpp inhquiqiuG 
uipuiqiupjinGp lupinuihuijintq puigiupduil) lupuaqmpjuiG iniupiu&iuquiG puiquiqpfiyiq' hhinLjuq qhpiq. 



1 2 4 C 



l + ±S-f- 



1.11-57 



(1. 10 - 27)-n4 inpqMjifr puigiupdiuq uipiuqnipjniGGhpli imupiufriuliuiG piuruuqpp^Ghpli hiuGiSiuG U qnuJuipiSuiG piuGuidUhpp, 
himSiudiujG (1. 11 - 46)-p, IpJiGhG. 



W„ = U„ + V, 



W„ = U„ + V, 



hul| oquidhpiq' (1. 10 - 24)-pg quiti (1.11- 56)-Jig, iShGp qunSiujuilpuG puigiupdiuq uipuiqnipjuiG puiquiqpp^Ghpp huitfuip 
quuiiuGuiGp hhinlijuq liGuijmG umG^nipjniGp. 

-,0 i -> <_() ,<- 

W p + yW, = Wp + y.SH>p = C 

Uj GnihhuiL oqinq'hpi^ (1.11- 51)-ni[ uipi|ui& lSJiguiquajpfi puiGuidLjig, (1.11- 53)-niJ inpihiii) puigiupduiq duiuuiGuilifi 
puiGiudufig U (1.11 — 55)-Jig, iShGp uiju umuaGdGuahiuinniq qbiqpp huiuuip, (1. 11 - 50)-nil uipihiii} •iuijlpuquiG 
huipuiphpuiquiGnipjuiG huiuimq inhunipjuiG mqfiq U huiquiquipd duuiihnlumpjuiG huu|uiuuipniiSGhpp qiupnq hGp qptq GuiL 
hhuiLjuq qhpiq. 



1.11-58 



1.11-59 



fliqpq dUuiijinpjnipjniGGhp 



<iulpuquipd duuuhntunipjniGGtip 



t = t + ■ 



2 S C 



t = t + 



± S V_ 
2 S C 



1 v P 



1.11-60 



-b = x 



-b = x 



GQqq&nnJ 1-31 - Uju uinuiGdGwhuimmb qbu/pp huuSuip mbquil/uiG L puiguipduih uipuiqmpjmGGbpp qnjmpjuiG 
mppmjpGbpp mpG huirfpGbGmiS bG uiiSbGiupGqhuiGmp qbu/pp (hpGqbpnpq uinuiGdGuihuimmp qbu/pp) uipuiqmp/mGGhpp 
qnjmpjuiG mppmjpGbpp hbm L hbmbuipuip dbGp ui/G ui/uuibq jbGp pGGmpl/p: 
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5. <ZpGqhpnpi} wnwMGwhaiuimh Uiud imihGwpGipiiuGmp nhiqpp 



g * o 



1.11-61 



Uupnqg lJhp hnrphiifrp GdJipUuifr t hhGg uiju mtihGuipGqhuiGnLp qbiqph hhinuiqninuuiGp: UjGu[hu np uijuinhq uhGp 
hpiSQuilpuGniiJ lipQQuaplqhQp ilfiuxjQ inhrpulpuG U puiguipduiq lupuiqnLpjniGGhph qnjnipjuiG inppmjpQhpp hiupgp: 



♦ SbqwlpuG uipiuqmpjmGGbpp qnjmpjmQ mppmjpGbpp 
U]mi^uii}i uiuipui&nipjuiG uhg inhquiliuiG uipuiqnLpjniGGhph qnjnipjuiG uippmjpGhpp npn2bpn huiiSuip, uipuiqnipjuiQ mqpq 
quuJ hualpuqpp iJiGhpji Ipuphnp £t h hhinhuipuip uiju uiuMuipGnhuiGnip nhiqph huuJuip iSUQp quipnq hGp npn2hL inhnuiquiG 
uipuiqnipjmGGhph qnjnipjuiG inppnijpQhpp, quijuiliu& dmtimGmqmmujpm&nipjmG qmnnig^ua&pp pGnipuiqpnq s h g 
qnpf>uilip.gGhpp. npn2iSuiG in|ipnijpQhp|ig: Ujuiqpunil uhGp iqhuip t pn&hGp (1.9- 33)-ni[ inpi|ui& uiGhuiihiiuuipnipjniGGhph 
hunSuiquapqp IpuuuijuilpuG npuiquiG w uibquiquiG uipuiqnipjuiG huiuiup, JiG^iqhu gmjg t inpi|ui& uinnpU. 

w > 

, w 



1 +sf- > 



1.11-62 



> 



(1.11- 62)-nq' inpihui) mGhuii|uiuuipnipjniGGhpp. huiiSuilpupqp lJhGp quipnq hGp qptq GuiL hhinhjuq inhupni[. 

w > 

S*r > "I 



1.11-63 



s 

2g 



> 



(1.11- 63)-p tiJiuijG uanuigpG h hpqpnpq mGhmi|uiuuipnipjniGGhpp.g pjuniu hG inhquiquiG uipuiqnipjmGGhph hhinhjuq 
qnjnipjuiG inpjinijpGhpp, quijuihiifr dmuuiGuiliuiinuipuifrnipjniGp pGmpuiqpnq s qnp&mqgp. npn2umG mfninijppxf G2iuGp.g. 



{: 


hph 


s < 


uuqui 


< w < — |-c 




hph 


s > 


luiqui 


< w < co 



1.11-64 



Ujdil hhinuiqnuihGp (1.11- 63)-nq' inpihiii} hppnpq uiGhuiihiiuuipnipjniGp, npp g qnp&uiqgli npn2iSuiG infninijpfig 
liuijuq'ui&, uMp quipnq hGp inpnhtq uijG hphp hGpuinhiqphph hhinhjuq bhpiu. 

ui) g >(t s ) 2 
P) 0<g<(|*) 2 

q) g<o 



1.11-65 



<J.hppn£>hGp (1. 11 - 65)-ni[ inpi|ui& hGpuinhiqphphg jnipuipuiGynipp (1.11- 64)-p. hhin hunSuiinhq: 



bpp g >(-j s Y uuqiu(l.ll 



63)-p. hppnpq uiGhuiihiiuuipnipjuiG duiju qnqup puqunqhu lJfyui IpJiGh 



qpuilpuG tih&nipjniG U hhinhuipuip w inhrpulpuG uipuiqnipjniGp quipnq t niGhGuq guiGquiguid qpuilpuG uipdhp: 
UjGnihhinU hunJiuinhqhpiil uijq qnjnipjuaQ inppmjpp (1.11- 64)-n4 inpqMaifr qnjnipjuiG injipnijpli hhui, dhGp uiju 
hGpuiqhuipli huiiSuip quinuaGuiGp uibqualpuG uipuiqnipjuiQ hhinUjiu^ qnjnipjuiG inJipnijpGhpp: 



{" 


bph 


g> (l^) 2 


U 


s < 


uiupaj 


< w < — \-c 




hph 


g > (y-0 2 


U 


s > 


uiupu 


< w < co 



1.11-66 
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p) bpp < g <(-^-s) 2 uiupu g qnpduiliJiyp npuilpuG uhfrnipjniG t h hhuiUuipiup (1.11- 63)-fi hppnpn 
uiGhuii[uiuuipnipjniGp uMp Ipupnrj hGp qph^ hhinkjiu^ lihpiu. 



a*? 



> 



( w_ + sJ\ 
\ c 2g J 

(1.11- 67)-n4 uipihiii} uiGhuii|uiuuipnipjuiG uipuuiuiGhpp IpJiGhG. 



w 2 = — 1-| - h 



-g c 



£uiGp np uiju hGpuinhuiph huiu'uap g > 0, hhinhuipuip W\ U w 2 mpuiuuiGhpfi upgh tiffin uihnji niGp hhmhjuii 
umGynpjniGp. 

Wl < W2 

•ihuiUuipuip, huiu'ui&uijG (1.11 - 69)-[i, uiju hGpuinhuiph huiu'uip (1.11 - 67)-ni[ inpi|ui& uiGhuiihiiuuipnipjuiG ilhg w 
mhniulpuG uipuiqnipjuiG hphni qnjnipjuiG inpjinijpGhpp IpjiGhG. 



w < W\ 



(1.11- 70)-n4 inpihiifr uiGhuii|uiuuipnipjniGGhpp huiii'uiinhn pii&hpnl (1.11- 64)-niJ inpGuifr uiGhuii|uiuuipnipjniGGhpli 
hhui, uMp iJhpgGuiliuiGuiujhu, uiju hGpuinhuiph huiuuip, liuuiuiGuiGp mhniuliuiG uipuiqmpjuiG hhinhjuiL qnjnipjuiG 
inJipnijpGhpn. 





hph 


< g < (±sf 1* s < 


IUU1U1 


< — L c < Wl < Wl 


hhuiUuipuip 


< w < ~c 




hph 


< g < (|i) 2 U s > 


IUU1U1 


Wl < W2 < — \-C < 


hhuiUuipuip 


< w < co 



q) bpp g<0 uiupii (1. 11 - 63)-p hppnpn uiGhuii|uiuuipnipjniGp uMp Ipupnij hGp qpb^ hhinhjuii hhpup 



< 



2 _ atf -g 



<h2in t huiunqiltiL, np uiju hGpuinhuiph huiuuip, uiGlpupj s qnp&uiljgli Q2uiup.g , (1.11- 68)-niJ uipihiifr Wi uipuuiuip 
iSp2in npuilpuG t huh, w 2 uiptiuiinp tiffin puagiuuualpuG. 



w 2 = 4g(is-ja s f-g) c< ° 



UjupGpG, hiuuuiduijG (1. 11 - 73)-Ji, wi h w 2 uiptiuiinGhpli iSpgU tiffin inhnji niGp hhinhjuiL uinGyiipjniGp. 

W2 < < Wl 

<huilLUipuip, huaiJuadiujG (1.11- 62)-p U (1.11 - 74)-Ji, uiju hGpuiqhuipli hunSuip (1. 11 - 72)-n4 inpGuifr 
uiGhiuiluauuipnipjiuG hunSuip w (qpualpuG) inarpjilpuG uipuiqnipjiuG qnjnipjuiG injipnijpp IpJiGfi. 



H>2 < < W < Wl 



(1. 11 - 75)-n^ mpqMjii) uaGhiui[uauuipnipjniGp hunJuainhri pn&hpiil (1.11- 64)-niJ inpiluid uaGhuailumuapnipjniGGhp|i hhin, 
dhGp ilnpgGuiliuaGuiuihu, uiju UGpiunhuipJi hunJiup, IpiiniuGuiGp inhrpuliuiG uipuiqnipjuaG hhinUjua]^ qnjnipjuiG uiJipmjpGhpp. 





hph 


8 < 


U 


s < 


U1UJU1 


w 2 < < wi < JyC hhuihuipuap 


< w < wi 




hph 


8 < 


U 


s > 


U1UJU1 


w 2 < < wi hhuihuipuap 


< w < wi 
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♦ Pwgwpdwb wpwqntpjmGGbpp qnjnipjuiG mppnijpGbpp 
Oqin4hpii[ (1. 10 - 19)-ni[ inpi|ui& uinGynpjmGpg, JiG^iuhu Guih (pGqq&niiS 1-27)-py, iShGp buinuiGuiGp hhinhjuit 
uiGhuuhuuuipnipjniGGhpli huuSuiliiupqp, npp U iqhinp t pii£>hGp. 



.2 

f <1 



•iuiuuiduijG (1. 11 - 77)-Ji, <uijlpulpjiG huipuiphpuilpuGnipjuiG huiuinili uihumpjuiG ilhg puiguipduilj uipuiqnipjuiG 
qnjnipjuiG inpjinijpp lpuluihu& t tiJiiujG dmumGmhminiupiu&nipjiuG Ipunmgihu&pp pGnipuiqpnq g qnp&uiljgli G2iuGlig. 







hpb 


8 < 


UIUJUI 


< w P < co 


1 


. 2) 


hph 


8 > 


uiupu 


0<w e <cff 



1.11-77 



1.11-78 



Uju puidGmii pGGuiplphucr hpGq uinuiGdGuihuiinnLl| qhujphpli huiiSuip inhniulpuG uipuiqmpjniGGhpp pnpip hGuipuu|np 
qnjnipjuiG inpjimjpGhpp inpipjifr hG uuinph. 



g\s 


s < 


s = 


s > 


8<0 

8 = 
< g <(|. S ) 2 

g H\sf 


< w < w\ 

< w < ~c 
< w < — |-c 
< w < — \-c 


< w < c J-T 

< w < co 
< w < co 
< w < co 


< w < wi 

< w < co 
< w < co 
< w < co 



flpinhq W\ h w 2 uipuiqmpjniGGhpp uipihufr hG (1. 11 - 68)-nq\ 

hul| GnijGu]hu uiju puidGmii pGGuiplpliu& hpGq uinuiGdGuihuiuinil| nhujphpli huiiSuip puiguipduilj uipuiqnipjniGGhp)i pnpip 
hGuipuiihip qnjnipjuiG inJipnijpGhpp uipi|ui& hG uuinph. 



g\s 


1 s < 




1 .5 = 


s > 


g<0 


1 < w P < 


CO 


1 < Wp < co 


< Wp < co 


8 = 


1 < Wp < 


GO 


1 qnjnipjniG ^niGJi 


< Wp < GO 


g >0 


1 < w P < c 


If 


1 < Wp < cj± 


< wp < cjjf 



1.11-80 



GQn.q&nnJ 1-32 - fli^rnqpnipjuiG t uipdiuGp uijG ifiiuump np, huiduidwjG (1.11 -19)-ni[ wpijiud uibniul/uiG 
uipiuqnipjmGGbpp qnjnipjuiG mppmjpGbpp, uijG biuphip t puiduiGbi bpbm hpdGiulpuG duiup hbmbjiui bbpiq. 

{1) hpp s > h 8-0 unqui < w < co 

— 1.11-81 
2) hpp s < Ijuid g < uiupu < w < w u 

flpwbn w u umhdmGuijpG uipmqnipjmGp nGrpnGnid t wi, ~\ c k c J~~g' wpdhpGbppg npbt iSbljp: 

Updb luniuGdGiuhiuwnib G^b[ Guib, np uipiuqmpjmG dbdnipjmG iSmupG luprjp jtpqpljiujmd wppnq pmnup (dmuGpbp 
pnjupg uipiuq buipnq 2iupddb[ pb n^) luniugiughi t dpiujG m dpwjG uijG inwrnduinnd, np jp upupquiupuGGmd pb n°p 
LuprnqnipjuiG duiupG t pinupp ' inhniulpiiG wpwqmpjuiG pb piugiupduib uipwqmpjiuG: 
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1.12 - dnui5iuQiuliiuuiiu]iiu&iuj]iQ QLmipnpinipjniGGbpp \jbpt[iujiugniiSp 
Ui1jnmuit[iujpG <mihimiupnuSGbpp Sbupnil 

UhQp Ipupriri hGp iShui^unfi Q-njhpp. huiiSuip uapinuidi[ui& <uijliuiiiuiG huipuiphpuiLiuiGnipjuiG huiinmli inhimipjiuG 
dUuntinfunipjuiQ huiihiniiiipnLiSGhpp QhpljuijuigQh^ Gmh miTjnLuuiliuijhG huiihiiimipnLiSGhpli inhupni]; Ipm huiiSuip iShGp luhinp 
t oqunlhGp (1.8 - 15)-niJ U (1.8 - 17)-niJ inpihiii} huijhpiijhG uaGrLpuinuipdihiifr <uijliuiliiiiG dhimhnh\inLpjuiG 
huiihiiiiiiipnLiSGhplig, JiG^uihu Gmh ppmp GlpuiniSuiiSp huipuiphpuiliuiG 2uipdiSuiG iShg quiGihiri hphni inuipphp JiGhpgfnuL 
hmuiulRupqbpp (1.8 - 25)-nil, (1.8 - 26)-ni[, (1.8 - 27)-nil h (1.8 - 28)-niJ inpihiid ^uijlpuljuiQ dhuiipntunLpjiiiG 
huiihiniuipnLiSGhplig, npuiGg iSb§ upuhujuiQhpiil ^uiiJinnuiliiiiGnLpjnLGp U dunSuiGuili - inuipuifrnLpjnLG hhppuilpuGnLpjnLGp: lljri 
Quiuiinuilip huiiSuip Quifu qphGp K 1 U K ninhin U hmliuinhp hplpiL JiGhpgJiuiL huiiSuiliuipqhpp iSJigU <iujlpuLiuiG 
dlauifinJiinLpjuiG huiihiiiiiiipnLiSGQpp iqmhuiG2ilui& Ipupqnil: 



♦ ^lujhiubiuG dlimipnfumpjiuG hmGmumpmiSGbpp K b K rfpiujG mqpq pGhpgpwi hiurfiubwpqhpp rfpph 



flinhri dUimpnh\inLpjnLGGhp 




<uiliiuniiipd dUimpnh\inLpjnLGGhp 




J c?' = 7<(v)(l+*l)(c?)+g7<(?)l* 


U 


j ct = X<(v)(l +s^j(c~t'^ + g7< (V)|^?' 


1.12-1 


y * --r<(v)l(c?) + y< (7)^ 




\- = -r<(v)l(c/) + r<(v)t' 





♦ 


<-' 

■iuijlpubuiG dhwipnpjmpjwG hiuUiuuiupmiSGbpp K 


*— 

L K iSpmjG JiaiGuJifpp pGhpgpiui huirfuibiupqhpp rfppb 






flinhri dUuiipnJiinLpjnLQQtip 


<uilpjjniiipd dUunfinJiinLpjnLQQhp 






= r<(v)(cV)-g7 4 (v)-^-^ 


r c v^ 7< (v)( c v')- g7< (v)^' 


1.12-2 




= r<(v)f(cV) + y< (L?)(i + 4)^ 


|^ = r<(v)i(cr') + 7 4 (v)(i + 4)?' 





♦ AuijlpubuiG dhimpnpimpjiuG hmGmumpmiSGbpp K hiubwrjpp b K mqpq pGbpgpui[ hwiSwbiupqbpp tffipb 



J ct = 7<(v)(c?)+ 7 <(v)(* + g|^* 




J cV = 7< (v)( c r')- 


H7<(v)(\s + g-£-Jx' 


[ *' = r<(v)l(c?)-7<(v)* 




|- = r<(V)l(c/; 


-7<(v)x' 



1.12-3 



— > <— 

♦ ^wjljLuljwG dLmipn/umpjiuG huiiliuuLupnidGbpii K mijfiij h K hmljiuijfip jiGbpgjiiu[ hmdiulpupqhpfi iffipL 

^' = n(v)(i + 4>" + n(v)[<i+4)-^> 



1.12-4iu 



?7> = n 00 (* + ) c "' + /< 00 + s ~ 
? = -n(v)l( C V')- 7< (V)(l + 4)<F' 



I] 5 



1.12-4p 



UhQp duiiSuiQuiliiuuiuipuidnLpjuiQ duiiSuiGuilili U inuipuifmLpjuiG mniuGgpiupi|hpp Ipupnri hQp QhpliuijuigQhi^ iShl] 
ujnLQiuliuiQli uinjnLuuiliQhpp inhupnil hhinhjuiL Q2iuqpnipjuii5p. 
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♦ K h K mqpij pGhpgpiui himSwhiupqhpmrf 



ct 
->' 

X 



ct 
~x 



♦ K h K hiulpiiqpp pGbpgpuii huiiSuilpupqbpmil 



ct 
<-' 

X 



ct 

< 

X 



•iuniuidiiujG (1. 12 - l)-ni[ h (1. 12 - 2)-ni[ uipi|ui& •£,uijlpub,uiG nin]n\ h huilpurpupdi 6hunpnJunipjuiG hunhiiuuipnLU'Ghpp, 
pG^iqhu Guih (1.9 - 31)-ni[ U (1.9 - 32)-ni[ inpi|ui& puiGui&hhpp, mqjiq h huilpurpupci dhuiipnJunipjuiG pumiubniup 
uiryniuuil)Qhpp tfhGp Ipupnri hGp qptq hhinhjuq Q2uiqpnipjunSp. 



4 = /<(?) 



? = 7<(v) 



-1 i 



i + *l 
< 

v_ 

c 



' c 

1 



r<(v) 



7<(v) 



1 

1 i+4 



huiuui&uijG (1.8 - 15)-niJ h (1.8 - 17)-niJ inpihiii) huijhpujhG iuGnpiuirpup&ihii(} ^uijliuilpuQ dhunhnJunipjuiG 
huiihiiuuipnLU'Ghpp, dhunhnfunLpjuiG puinuibniuji uinjnmiulip iShGp Ipupnq hQp qptq hhinhjuiL G2uiqpnipjuiup. 











1 s 




h = 








-1 











Oquiilhinil (1.8 - 9)-nilU (1.8- 24)-ni[ uipihu& puiGuidhhppg, JiQ^hu Guih (1.9 - 27)-ml U (1.9- 29)-nil inpihud ntnjui U 
huilpunpp hiupiuphpuib,uiG uipiuqnLpjniGGhph huiiJuip <uijlpub,uiG y ^ qnp£(uib,pg Ghpp puimubniuni puiGui&hhppg, hh2Ui t 

hunSnqipX np (1.12- 7)-ml inpi|ui& <uijlpuliuiG mqpri h huilpurpupci cihunhnJunipjniGGhpp pumuilpnup iunjniuuih,Gbpp 
puuluipuipniu hG hhinUjiu^ umG^nipjniGGhppG. 



44 



= l 



"buuiGuiujhu hh2in t huiunqipX Guih np (1. 12 - 8)-ni[ uipipiicj huijhpujhG uiGnpuirpupciu'uiG <uijlpulpuG dhunhnfunipjuiG 
puinuil|nLup uirymuuilip niGp hhinhjuiL huiuib,nipjniGGhpp. 



= h 



Ipm! np GmjG t 



= -l 



Oqunlbpul (1. 12 - 7)-ni[ uipipiicj huipuiphpuUiuiG 2uipduuiG <uijlpub,uiG uinjniuuib,Ghppg h (1. 12 - 8)-ni[ tnpi[ui& 
huijhpujpG 6huiipnJunipjuiG <uijl]ualpuG uinjnuiuili Jig , uMp Ipupnij hGp l)uiqiJh^ hhinUjua^ lurymuuiljuajliG mpinuinpjuipGhpp, 
npnGp GnijGiuhu huiGiihuuiGniu' hG puinuiliniufi uinjnuiuiliGhp. 

i s +g i ~ ^ i+ 4 -{i+4)-4 



h| = 7<(7) 



h| = 7< (V) 



1 s + i 

< 

V _ 

c 



<i+4 



4h 



l+s 



I *(i+4)-4 
-(i-4) 



4h 
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(1. 12 - ll)-nil inpihnfr h, ^ U % <uijlpub,uiG uirymuuiliQhpp Juuinp mpinuiqpjuqGhpli np^faGbpp IpjiGhG. 



hi; 



hi; 



= -1 



1.12-12 



Mjiqhu Giuh h, 4 U 4 <uijlpuliuiG uirymuuiliQhpp ujigh qnjnipjniQ mGhG hhinhjuiL uinGyiipjniGGhpp. 

f = h|h 
f = hfh 



1.12-13 



Ujdil oqinilhpii[ (1. 12 - 5)-ni[ U (1. 12 - 6)-ni[ uipi|ui& duiu'uiGuib,-inuipui£mipjniG umuaQcjpiupilhpp mnjniuiub,Ghplig, 
fiG^iqhu QuiU (1.12- 8)-ni[ uipi|ui& huijhpujhG uiGqpiurpupdu'uiG 4uijl]uil|uiQ uinjmuiulilig, uhQp Ipupnri hGp (1.8- 15)-ni[ 
uipijuifr huijhpjijfiQ mGruiuiquipdqMjii} <uijliual|uiQ dUuiipnJunLpjuiQ hun|uiuuipniuGhpp qph[ lunjniuiuliuijliG hiuqMjiuiupniu'Ghpli 
uihupnq 1 hhinhjuq bhpui. 



K' hGhpgfiuq huiuuil)uapqniu 



r = hr 



K JiGhpg|iuiL huiuuilpupqnLu 



r = hr 



ct 

<-' 
x 



1 s 
-1 



ct 
->' 

X 



ct 




1 


s 




ct 


X 







-1 




X 



"biiiuGunqhu (1.8 - 17)-n4 inpqMoifr hiujhpjijp.G uiGqpuiquipdqMjifr <uijb,mlpuG dhuiq^nfunipjuiG hun|muuipniuGhpp uhGp 
Ipupnri hGp qph^ mnjniuiub,uijhG huiUuiuuipniuGhpli inhupnil hhinhjuiL Ijhpiq. 



K' hGhpg|iuq huiuuilpupqniu 



r = hr 



K JiGhpgliuiL hiuuual|uipqnLu 



r = hr 



->' 
ct 




1 s 


<-' 
ct 


h 


— > 

ct 




1 s 




<— 

Ct 


->' 

X 




-1 


<-' 

X 




— > 

X 




-1 




<— 

X 



1.12-14 



1.12-15 



fmq uijdii GnijGujhu oqinq'hpnl (1. 12 - 5)-ni[ II (1. 12 - 6)-ni[ inpihud duiu'iuGuib.-inuipuiiniipjniG umiuGgpiupi[bpp- 
uaryniuuiliGhp|ig, JiG^iqhu Gmh (1. 12 - 7)-ni[ inpi|ui& <uijlpjib,uiG uaryniuuil]Ghp|ig, uhGp Ipupnq hGp (1. 12 - l)-nil inpqMjai) niqjiq 
h huilpurpupd •iuijliuilpuG dhuiq^nfunipjuiG huii[uauiupniuGhpp qptq uinjniuuilp_ujliG huiqMjjuiupniu'Ghpli inhupnil hhinhjuq b,hpu[. 



flinjiil dhiuihnfunipjniGGhp 



f = ijr 



•iiulpiupupd dhiuihnfunipjniGGhp 



f = 4? 



ct 
~x 



r<09 



ct 

— > 

X 







ct 


= 7<00 


~x 





1 + ,^ 

< 

V 

c 



' c 

1 



c f 

-»' 



"biiiuGunqhu (1. 12 - 2)-niJ uipijiui) niqjiq h hiuljuiquipd <iujl]uilpuG dhiuihnfunipjiuG huu[umuipniuGhpp uhGp Ipupnq hGp 
qptq uinjniuuilpujhG hiuiliuuiupmuGhpfi uihupnq' hhinhjuq b,hpu[. 



1.12-16 



fliqhq dhuuhnhjnipjniGGhp 



f = ijr 



<uiliiuqiupd dhiuihnhjnipjniGGhp 



f = 4? 



c t 

X 



7<(v) 



ct 

<— 

X 



ct 

<— 

X 



r<(v) 



1 + ,^ 



(1. 12 - 16)-nil h (1. 12 - 17)-nil inpihnfr niqjiq h hiuljuiqiupd <iujl]uilpuG dhiuihnfunipjniGGhp[i lunjniuuilpjijhG 
hiuiliuuiupmuGhpfi hph.ni Ipiqtihpp piuquuuqiuuil|hpii[ duijuhg h uinjniuiulpii[ h hfehpnl Guih (1. 12 - 14)-ni[ h (1. 12 - 15)-ni[ 
inpihni) hiujhpujfiG uiCqpiuqiupdiJiui) dhunhnJunipjiuG uinjniuiul)uijliG huu[uiuuipniuGhpp, uhGp h,uuiuiGuiGp (1. 12 - 3)-ni[ h 
(1. 12 - 4)-niJ inpihni) dhuuhnlunipjniGGhp|i uinjmuuiliuijliG huu[uiuuipniuGhpp. 



? = (hi)? 



1.12-17 



1.12-18 
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1.13 - T-LhpguipiuQ IjiuiS Ui5ijimjinii5 

UMp luiquignLghgliGp, np «<uijqiulpuG <iupiuphpuiquiGnLpjuiG <unnmq ShunipjniQ»-p huipmuin t Gmpp U rpjijuip 
pupGhp/i, 2uain qtnqphpniu' uinopjui qhGuunfinpdpG [ujiuin huiquiunq uiGuiquiubpp quiqun}iiupGapni|; Uhp uiju hnqi|ui&p ilfiuxjQ 
l\i pGqhuiGpuigGniiS iSpG^U uijdiS hquifr inhuuiquiG uipryniGpGhpp, uiji umiuGg npUt uuihiJuaGuiipuilpSuiG, iSuipnip 
iSuiphiJua infill uilpuG uninhguuiG iSpgngnq\ ljiiindnul t i5fi Gnp qpinuiqiuG hhquypgmu' uiupuhnipiq puipunipjniG tiingGtq 
huipiuphpuilpuGnipjuiG huiinnili inhunipjuiG quiquiipuipGhpp pnuiupuiGiSuiG U uTaqGuipuiGuuiG huipghpniiS, pG^iqhu GuiU 
niqqt^niiS t fiuiGiuiquiph tifiuigjuq quyinp inhunipjuiG qummguuiG huiiSuip: 

CGphpgnqp Ipupnq t Gqunntq, np iShp hnq^ui&niiS, i5fiui^un}i ;ptiqtiquiqiuG uiuipuifrnipjuiG iltig, duiiSuiGuiqn U 
uiuipuiinnpjnLGp, puigiupdiuq uipuiqnipjuiG puiquiqpp^Ghpp U pGqhuiGpunqhu pnpip puigiupdiuq ^pfiqfiquiquiG iShdnLpjniGGhpp 
piluijpG U inuipuifruiquiG piuqiuqpp^Ghpp hiuCqJiuuiGniiJ hG hpb^uiq^i pqMip, puq hniu^uiq^i JppqpquilpuG iniupui&mpjuiG iShg 
q'hpnG2juq lJh&nipjniGGhpp pifuajpG h imupuifruiquiG puupuqpp^Ghpp qhiuGqpmuGuiG piunui^uiq^i pq^np (quaternions): 

•NiujqiulpuG 4,uipiuphpuiqiuGnLpjuiG •i.unnniq ShunipjniGp lJiuphiSuiinpqnphG uijGpuiG qnm t U qunnuipjuq, np uijG jp 
quipnq ijiGtq ujuuq: <hinhuipiup iJhp hnqtifig uimugi|ui& <iujlpuqiuG dhunhnJumpjiuG huiqMmiuipnLu'Ghpp n^ tipuijG iqhinp t 
4mfuuippGhG LnphGgp dhuiq^nfunipjuiG hiui|uiuuipniiSGhppG, mji uiupnqg uipqp ;ppqpquiG iqhinp t Gnppg qpq^p: flpni[hhinh 
LnphGgp dUuiq^nJunipjuiG huii|uiuuipniiSGhpp huiGqpuuiGnnS hG iSpmjG -iiujqmqiuG huipuiphpuiqiuGnipjuiG hunnniq inhunipjuiG 
dhimhnJunipjuiG hunluiuuipniiJGhpp iSp 2mm limuGmihip qhiqpp, hpp s = h g = -1: 

Uju puidGnuS uiili}ini}i 2uipuin.phQp ilhp uinuigui& lp_uplinp uipnjmQpQhpp: 

1 . -iiujbuibuiG huipuipbpiubuiGmpjuiG himnrnb wbumpjuiG dbimpnfumpjiuG huiUiuuuipmdGbp[i: 



♦ ■ZiujbpujpG mGijpwqwpdilwd 4wjl]iulpuG dhwihnlumpjwG himlwuwpmiSGhpp 



<-' -»' 

K h K pGhpgpuq hunJuaquipqhpp lJpgU 




< — > 

K U K pGhpgpiu^ hunSuiqiupqhpp iSpgU 




ct = ct + sx 




f - -» - 

J ct = ct + sx 


\ 


<=> 




<-' ->' 

X = -x 




I X = -x 



1.13-1 



-»' ^ 

♦ 4iujhiuliwG dhwipnpjmpjwG hiuiliuuiupmrfGbpp K L K mripri pGbpgpwi hiurfiulpiipqbpp ilpph 





fliqpq dUuiq^nfunLpjnLGGhp 






<uiquiquapd dUiuipnJunipjniGGhp 


< 


f 7' = 7<(7)[(l + 4)? + g |-? 


] k 


•< 


'?. y< (v)[(i + 4)/ +g j/] 


♦ 


<-' 

<tiujhiuliwG dkimpnpjmpjwG hiuiliuuiupnirfGbpp K 


< 

L K hml]UJijpp pGbpgpiui hwiSwhiupqhpp rfpph 






fliqpq dUunpnJunipjniGGhp 






^uiquiquipd dUuiq^nfunLpjnLGGhp 






< 




U 

] 


•< 


^r<(V)[(i + 4)' + v ''] 





1.13-2 



1.13-3 
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♦ flui/ui b hwlpuijpp hmpmpbpmhuiG mpmqnipjmGGbpp buiu/p b qwiSiSw qnp&uihpgGbpp 
mpuiiuhiujuimpjmGGbpp 





















( 






y<(v) - 


1 


= A(v p )- 


1^ > o 


< 


v= v — 


u 


< 








«— 

— > V 






r<(v) - 


i 


= A(v P ) + 


1^ > o 




v - 











•iwjquilpuG hiupiuphpuiqiuGnLpjuiG hunnniq inhumpjuiG dLunJinJunipjuiG huiqMjiuuipniu'Gapp, hunSuiduijG (1. 10 - 29)-Ji U 
(1. 10 - 30)-p, iShGp uipiniuhiujinhgliQp GuiL v P puigiupduiq huapiuphpuiquiG uipuiqmpjunSp: 



->' -> 

♦ 4wjhiubwG dbwiJinfumpjuiG hiuUiuuiupmdGbpp K L K ntqpq pGbpgpui[ hmGiuuwpqbpp rfpgb 



fltqfiq dUuiipnfunLpjnLQQhp 


•iuiquiqiupd dLunfinpjnipjniGGtip 




r 














~t = 


A(vp) + f^ 


-» ~V V _> 

f + g^x 

c 2 


— * 

f = 


A(v,)--^L 


t +g-l~x 


< 
















x = 


A(v P )-|,^ 


X - Vp t 


7 = 


A(vp)+ l-s-^ 


->' -> ->' 

X + Vp f 

















♦ AuijhwbuiG dbwUmpjmpjwG hmUuiuuipmiSGbpp K b K hwlpuijpp pGbpgpmi hmiSmlpupqbpp tfppb 



flrqpil dUuiipnJunLpjnLQQtip 


•iuiquiqiupd dUuai}inJunipjniQQhp 




r 

«— ' 
J = 


A(v P )-i-^ 


<- Vp <_ 


r 

<— 

t = 


A(v P ) + i-^ 


«-' V\j <_' 

c 2 


< 






u ■< 










«-' 

x = 


A(vp) + \s^- 


<— — » *— 

X + Vp f 


<— 

x = 


A(vp)-|^ 


X 7 - "Vp f 

















♦ LiuiSipu qnpfrwbpgp, hmdmdmjG (1. 10 - 21)-/z, mGp hhwbjwi mpdbpp 

A(v P )= Jl-fe-V)^- >l|^| 

♦ 4wjbiubwG hiupiupbpwbiuGmpjwG hiuinmb inbumpjiuG dbiuipnpjmpjiuG huidwuwpmiSGhpp 
luniuGgpiupdbpp pwduipuipmiS bG (1.9 - 40)-nrf mpdiud iSpgiubwjpp hbmbjiui dGwjniG wpiniuhiujinmpjiuGp 

b 2 = t j -K?^cf j~x + g~x 2 = (cf) +s^c( + gi 2 = ^cf ^ +s^c( jx 7 -l-gx 7 " = (cY) + s(c f ^x" + g!* 2 > 



2. dujiSiuGiuhp, hplpupmpjwG U qiuGqilw&p ipnipnfumpjmGGbpp 

LnphGgp hiupiuphpuiquiGnLpjuiG inhunipjniQfig pJuniiS t np quipnq hG uihqp niGhGuq iSpiujG 2Uipddriq dnqp IpupiSuigniiS, 
2uipddriq dunSuignijgli dunSuiGuilip qiuGquupniS U 2uipddriq iSuipiSGfi quiGqiJuicrp iJh&iugnnS: Puijg ^uijquiljuiQ 
huipuiphpualpuQnipjuali huiinnLq inhunLpjniQpg hhinLniiS t, np quajuilui& diuiiuiQuiliuiuiuipuidnLpjuiQ IpjimngqMjifrpp 
pQmpiuqpnq i U g qnpduiqfig Qhpfi iShdnipjnLlipg, 2Uipdi[nq dnqp Ipupnq t U quiptiuiQuq U hpquiph^: Imq 2uapdi[nq 
duiiiuignLjgJi inhquiqiuQ dunSuiQiulip QmjQiqhu quipnq t U quiQquiqtq U uipuiquiQuq: bi q'hpguiiqhu, 2uipdq'nq lSuipiSGfL 
quiQqq'ui&p quipnq t U uiiJtq U QiluJinU ^pua hunSuip iShGp hplpupmpjuiQ «liuipfiuaQuq», dunSuiQuaqp «qiuQquaqhp> qunJ 
quiQqq'ui&p «ui(Jtq» uipinuahiujinmpjniQQhpli q^nfuuiphQ oqinuiqnp&niiS hQp «4in4inJiinLpjnLQ» lupinuihuijinnLpjnLQp: 



68-86 



© - LTpui^uiip Q-njhpp <uipuiphpuiliuiS OuipdiSuiS ShunipjniS - © 



♦ w wpwqmpjwrfp 2iupdrfnq dwrfwgmjgp, npp hwGqump i[ptfwbmrf qpwGgmiS t to mbqiulpuG diuGiuGwl/p 
mbnqmpjmG, mqpq b hiulpuqpp pGbpgpmi hwrfwbiupqhpmrf, hmiSmdmjG (1.3 - 15)-/;, (1.3 - 19)-/;, (1.9 - 31)-p 
L (1. 10 - 20)-/;, bniGbGui diuiSiuGuibp mbnqmpjuiG hbmLjiui ipnipnpimpjmGGbpp 























= 7i(w)t a = - 


h 




A(w,)- 


i _ ^ P 


to 






->2 


2' S C 


< 




















- r^w)?!, - - 






A(w P ) + 


1 . W P " 


to 






<-2 


2 4 C 



















♦ fliqpq b hwliuiqpp pGbpgpmi hwdwbuipqbpfi mbuwGbjniGpg, dpbGmjG ^wpddnq dwiSwgmjgfi duiiSuiGiul]p 
mbnqmpjuiG rfpppG uii[bigmlip ■iiujlpuljiuG piuGuidbp 

-(±4-)* 



♦ w uipuiqmpjiuiSp 2iupdi[nq b hiuGqump dp&iul/miS l GpbiupmpjmG mGbgnq dnqp, mqpq b hiulpuqpp 
pGbpgpmi hiuiliuqiupqbpmil, hwiSuiduijG (1.3 - 4) -p., (1.3-8)-/;, (1.9 - 30)-p b (1. 10 - 20)-/;, bmGbGui 
hpbiupmpjiuG hbmbjiui ipnipnpimpjmGGbpp 

















— > 

/ = 


/o 


= /oJi + 4 


->2 


/o 


< 




A/ N 1 




<— 

/ = 

V 




= /oJi + 4 




/o 








A / N 1 Wp 

A( w f) + y s ~c~ 



♦ Hiqpq b huiljiuqpp pGbpgpmi huuSuiljiupqbpp mbuuiGbjmGpg, dpbGmjG l bplpupmpjmG mGbgnq 2iupdi[nq 
dnqp bplpupmpjuiG iSpgpG iui[bigmbp -iuijljiulpuG puiGiudbp 



1 -X— r 



♦ W wpwqnipjiuiSp 2wpddnq b trio hwGqmnp quiGqiJiud mGbgnq ipnpdGwbiuG dwuGpbp, mqpq b hwlpuqpp 
pGbpgpmi hiuiSiulpupqbpmiS, hiuiSuiduijG ilbp hiupnpq hnqdiudp, b-mGbGiu quiGqi/uidp hbinbjuii 
ipnipnpimpjm GGbpp 





m = m(w^ 


= j i (wjm = - 


mo 




= mo 


A( Wp )- 








Jl + ,f +l 


->2 

c z 


2' ? C 




< 


















m = m(tv^ 

< 


= r<(w)m = - 


mo 




= mo 


A(w P ) + 


1 w P 






Jl + ,f +l 


<-2 

, W- 

> 2 







♦ tiiqpq b hmljiuqpp pGbpgpmi huiduil]iupqhpp uibuuiGbjmGpg, dpbGmjG 2iupdi/nq ipnpdGmlpuG rfiuuGpb-p 
quiGqi/iudp iSpgpG uidbigmljp IuijljiulpuG piuGuidbp 



Am = y(m-m) = I ys-^r- Wo 
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3. SbqwlpuG L piugiupdwb wpwqnipjmGGbpp qmiiiupiSwG L hiuGGiuG piuGwdbbpp 



♦ SbqmbiuG wpwqnipjmGGbpp qnidwpdwG h hwGdwG pwGwdhbpp 



u + v + s- 



V u 



l+s-^- + i 



1.13-15 



♦ Piugmpduil] wpwqnipjmGGbpp mwpw&wljwG pwnwqpfijGbpfi qmdwpp U muippbpnipjuiG pwGw&hbpp 



w P = A(v P )T?p + A(m p )"v 
~u f = A(v P )v?p - A(w P )"v P 



1.13-16 



♦ fiiugmpdml] wpwqnipjmGGbpp pUiujpG b wuipui&uibiuG pwqwqpp^Gbpp dpph qnjmpjniG mGbgnq dGwjmG 
wnGjmp/mGn 



A->0\ 2 ->0-» \2 ft-0\ 2 <-()<- /•<- n2 A-»0\ 2 ->0-» \2 A-OV <-()<- /•<- n2 

(Wp) + .VVVplVp + g^Wp _) = (w p ) + .SH-pWp + g{Wp) = ( "p ) + SUpUp + g\U?) = [ Mp J + Jli p U p + g (_H p j = 



1.13-17 



♦ ShqwbiuG h pwgwpdwb wpwqnipjmGGbpp dfipb bqw& wnGjmpjmGGhpq 



7<(w)v 



1+^+g^ 



A I \ \ W V 



r<(*0 



|i + .^ + g-^ 



. < . i Wp 



1.13-18 



bph iShGp Junpnipjiuup ipjpinifrhGp bpqjip unpipuilifi upuinunLpjinGp U iSuipnlpiipjiuG upuinunLpjinGp, huiinqiuuihu 
IIpnpnjiGhpp gbnji upuinunLpjinGp, uiupu lihuiunqipaGp np uijQ unShGp pG^ uhGp hppUt umpipht bGp - dpwjG dbd hbqdpp t 
Pnpip upuinumpjuiG U uiGqunS qpinmpjuiQ qpphpp qpijuii) hG lujGuihu, npiqhuqli npiuGp duinuijhQ bpljpp unpipiulip 
«hulifi*Ghpp» &puiqphppG: UanfrfipG m uminp inuipiu&ipjifr hG uiuhGnipap U uijdu ti inuipuifnpiuS nG: Cujui-2Ujui lSiupqpq nbn 
upuinpuiuui *bG pGnmGhpn uiju 62 iIuipuiriLpjni Q)i : Puijg uuipnlinipjmGp, duiuuiGuili urn duiuuiGuili, UpnprLfiGhpp ghnji 
umuigGnprpupjuiup upuinmnu t uuipnlpnpjuiG uinuicniqnLpjuiG \[pm rpn|iu& quupu2unulil[p U pupn2juGniu t «J2^ LU P ulnl PJ m ^ 
pnjup: bij run hlnSGiulpuGnLu IpninuipipTLU t uipunJuipuiGuilpjiG qpinnLpjnLQQhpp lJfigngn^: Uhui uijqiqpup Gupninuili mQp uiju 
hnrp|iu&p U hiuinlpuiqhu «<uijlpulpuG ShunipjniG» hJiuGuipuip uyJuuunnipjniGp, npp qoqQp uuipnlpnpjuiGp iltpgCiuilpuQuiuihu 
uaquiinuiqpq'hpii qhq&Jipp fiJipuiQQhppg U uaiquigmghpiL «piupdjuip3hp|i[i», np iSuipnlinipjniGp UpnpqpQhp|i ghqp 
umuagQnpnnipjunSp pjiuiipnGp mQp qnjiuinUhpii U iquiinpuauin t iSinQhpiL inphqhpualpuQ quipqiugiSuiQ huagnpq dpnipj: 



UhQp qn^ hQp uaQniiJ 4,uij ^pqpqnuQhpliQ, lSuaphiSuiinpqnuQhplili U pQnhiuQpiuiqhu pnpip 4uij uaqquijliQ 
iSuiuai[npuiliuiQnipjualip iSpuaQun qpinmpjuiG ilbg lJhp uquuii) 4iujlpulpuQ ^hrpui}in}unipjuiGp U Qnpjig ijhpiuqph^ nqg 
liuipulimpjiuQ fruiqiSuiG U quipquigiSuiQ iquiiniJnipjniQp: UhQp Qnp)ig iqhinp t UpuiphGp Upuip^ui2mG^p: 
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<iuilh[iliu& 1 - Lpuignig]i£ U"LuphiiLum[il|Lul|LuQ PiuQiudUhp 



(1.6- ll)-pg, (1.6- 13)-pg U (1.6- 15)-pg, liunJuajuiliuaQ v, u h w mqpri U huiliuar^pp hiupuaphpuiliuaQ 
uipuiqmpjnLGGhpp huiiJuip iSUQp huinuiGuiGp hhinhjuiL uinGynpjniMhpp 4hh,umpuih,uiG Q2uiqpnipjunSp. 



1) r<(v)(i + 4) = r<("><(-)[(i + 4)( 1 + 4)-^] 

2) 7<(T?) ( 1+ .4). 7<(V ) 7< (^)[(i + .4)(i + ,f)- g M] 

3) r< (^)(i + 4) = y< (7) r< ^)[(i + 4)(i + 4)- g ^] 



"biiuiQuiiqhu (1.6 - 7)-hg, (1.6 - 9)-hg U (1.6 - 17)-Jig, GnijGu[hu IpuiSuijuilpuG v, u U w niripji h huiliuirihp 
huipuiphpuilpuG uipuiqnipjniGGhpfi huiiSuip iShGp IpunuiGuiGp hhmhjmi uanGyiipjniGGhpp iphllinnpuilpiiG G2uiqpnipjuitfp. 

4) r<(v)(i + 4)-r<(»><(fc)[(i + 4)( 1 + 4)-^] 

5) 7<(t7) ( 1 + 4). 7<(7)7<( t,)^ 1 + .4^ 1 + ,f)_ g 5£] 

6) 7< (^)(i + ,f). 7< (v) 7< (tr)[(i + 4)(i + .4)- g ^f ] 

(<1 - l)-h U (<1 - 2)-p. huiihiiuuipnLiJGhpp puiduiGhpiil (1.8 - 32)-n4 uipihiii} hunSuiu[uainiuuJiiuiQ huii|uiuuipniiSGhph 
djiui, iShQp IpjinuiGuiGp hhinhjuiL uinGynpjmGGhpTi. 



1) 1+,-*- = 



^ 2) l+.-p- 



3) l+. ? f- 



(l+4)(l- 


^4; 






2 
tr 






^4; 
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c 






^4; 





1-g^f 



4) 



< 5) 1+,-fL 



6) 1+sf- 



(i+-4)(i+4) 



ail 1 

,.2 



1-f 


2 
cr 






^4; 
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(i + 4)0- 
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ShriJi mGhG Guih hhuihjuii umG^nipjniGGhpp. 



1) l + s- 



2) l + s-£- 



3) 



l + s-S- + i 



1 + ,^ 



1 + s- 



^2 



„2 
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OqimlhynJ (1.8 - 29)-nq\ (1.8 - 30)-n4 U (1.8 - 31)-n4 inpqMjii) lupuiqnLpjmGGtipp lJpgU hrpufr uinGynpjnLGGhppg, tihGp 
quinuiGuiGp hhinlijuq uinGynpjmGGhpp. 

f 



1) 1+,^+g^ 



2) \ +s JL +g u_ 



3) 



c 



(i+-4+^) 



i+*i+^ 



(l-^) 



"biiuiGuiiqhu lihGp l|uuiuiGuiGp GuiU hhinlijuq uinGynpjnLGGhpp. 



C 1 „ vu 



1 



1+^ + 



g-Kf = (!+,-«-) ^ 

c 2 v / i-g^2 



hG^uihu GuiU lihGp IpiunuGuiGp hhuiUjuq hunSuiGiSuiG umGyupjinGGtipp. 



1+^+g-^f = 



i + ^t + g^r 
i-g^f 



i + ^ + 



g^f = (i + ,^) ^ 

c 2 v ; i -g-^- 



(<1 - 5)-nq\ (<1 - 6)-m[ U (il - 7)-m[ inpGuifr hiuduiuiupniiSGhppg iSGGp quinuiGuiGp hhuiLjuq umGyiipjmGp. 

(i+4+^)(i+-4+^)-i+-4+^ 

"biiuiGuiiqtiu (<1 - 5)-nq\ (il - 6)-m[ U (<U - 7)-m[ uipduifr hiuUuiuiupniiSGhppg* IpunuiGuiGp hhinUjuq uinGyupjinGp. 

(i+4+^)(i+4+^) = (i+4)(i+4+^ 

UuinuiGuiGp GuiU hbinUjuii lunG^mpjniGp. 



(i+4+^)(i+-4+^)-(i+4)(i 

M^uihu GuiU liuinuiGuiGp hhinlijuq uinGynpjmGp. 

(i+4+^)(i+4+^) = (i+4)(i+4)(i+4+^) 

PuiqiSuiupuinlibpiil Jipuip hhin \ - 5Vji pnpip hphp huiqMmiuipnLiJGtipp, iSGGp IpunuiGiuGp hhinLjuq umGyiipjniGp. 

(i+4+^) 2 (i+-4+^) 2 ( 1 -^) 2 ^( 1+ '4+^)(i+-4+^)(i+-4+^) 
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hpuip hhin puiqiSuiu[uiinlihpiil (1.8 — 32)-n4 inpihui) pnpip \\hg umG^nipjniGGhpp U oqinilhpul Guih (1.8- 24)-ml inpihui) 
umQ^nipjniQpg, IpuuuijuiliuiG v, u h w mqpq h huilpunjip huipuiphpuiliuiG uipuiqnLpjmGGhpp huitiuip iSUQp liuinuiGuiGp 
hhinhjuq umG^nipjniGp. 

(^fK^flt^St'-^t'-^K^f) - 0-^)0-^)0-^) 



41-13 



M^iqhu Guih liuinuiGuiGp hhinhjuiL hphp uinGynpjnLGGhpp. 



u w 



vw 

^2 



)(' 
)(' 



u w 



vw 



0-^)0-^) 



uu 

6 2 



WW 

6 2 



„2 



l-g-^f 
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"biiuiGuiuqhu IpiinuiGuiGp hhinhjuq hphp uinGynpjnLGGhpp. 



0-^0-^H 1 
0-^)( 
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(1.8 - 15)-n4 inpihufr huijhpujfiG uiGruiuirnupdiSuiG 4uijlluilpuG dhuuhnpinipjuiG huuhuuuipniu'Ghpp lJhGp Ipupnri hGp qph^ 
Guih quiduijuilpuG A) niqpq U hrnqmr^Jip ^q^quiqmG iShdnipjuiG huaiJiup hhinUjui[ qhpui. 



K h K pGhpgpuq hunSuiliuipqhpfi iSpgh 



K h K hGhpgfiuiL hunJuilpupqhpp lJfigU 

' -»' ->' 
' = <p + s A 



(1.8- 25)-n4 inpihui) 4uijl)uilpuG dhuiipnfunLpjuiG huu|uiuuipniiSGhpp iShGp Ipupnq hGp qph[ Guih l]unJuajuil)uaG Y(<p,A) 
JppqpliuilpuG tih&nipjuiG huiiSuip, uipinuihuijinihufr inhrputpuG huipuiphpuilpuG uipuiqnipjuiu'p. 




fluipn dhuiihnfunLpjnLGGhp 



tuilpunuipd dhuiihnJunipjniGGbp 



l+s- 



1= /<( V )[( 



'] 



41-16 



41-17 



hul[ (1- 10 - 29)-n4 inpihufr 4uijlpul|uiG dhuujinhjnipjuiG huii|uiuuipnnSGhpp iShGp Ipupnq hGp GnijGu[hu qph^ IpuuuijuilpuG 
*F(p,A) $>}iq]iliuil]uaQ tih&nipjuiG huiiSuip, uipinuihuijinihufr pmgmpduih, huipuiphpuilpuG uipuiqnipjuiup. 



fliqpq dhuuhnpinipjniGGhp 



4uiliuirpupd dhuupnhjmpjniGGhp 



A(v P )+i-^ 



A(v P )- 



V + 8 c A 



A(v P )- 



i e "p 

2 S C 



A--i<p 



A(v P ) +-*-*- 



V, -»' 

A 
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«4uijl]ual|uiQ 4uipiuptipuiquiGnLpjuiG U"hpuiGplpu»-nLU' IpupUnp nQpuilpuinuipnLpjnLG mGhG hhinUjiu^ hpl)m 
lupinuihuijuinLpjnLGGhpp, npnQp qunSuijuiquiG v, u U w uipuiqnipjniQQhpli huiiSuip inpiluid hG uinnpU. 



1 



2 a C 



1 



±,1L 

2 " C 



1 



2 J C 
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(<1 - 19)-n4 inpqMjifr hphp qmjq uipinuihuijinnLpjnLGGhpp huiiJuip iSUQp Ipupnri hGp qph^ quipUnp umG^nipjniGGtip, npnQp 
dhGp qGhpLpujiugGtiGp uinnpU umiuGg uiupugniguuiG U qqphGp npuiGg iSp iJuiup uinuiQg q'hlpnnpp G2uiGp: 

kuiuuijuilpuG mqpq U huiquinfip w inhnuilpuG uipuiqnipjuiG huiiSuip uihqp niGGG hhinUjui^ uinGynpjnLGGhpp. 



2 1 C 



41-20 



"biiuiGuiiqhu, K U K 1 JiGhpgfnui hunJuilpupqhpnLiJ quauuijuiquiG uipuiqmpjiuu'p 2uipdUmi i}inpdGuil)uiG liuiuGhlifi 
uiqGpuippuijliG mqpq U huilpunlip uipuiqnipjniGGhpli huiiSuip inhqp niGGG hhinujuiL uinGynpjnLGGhpp. 



2 4 c 



2 4 C 
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1 + f .s 



2. i 



V u 

A 



1 + 
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M^iqhu Guih uihqp mGhG hhinUjui^ hphp uinGynpjnLGGhpp. 



r<(v)(i + 


2 c > 


= r<(")r<(^)[(i + 




-(*- 




r<00( 1 + 


«— \ 

2 C J 


= r<(«Or<(fc)[( 1 + 




-(*- 


|. 2 )^f] 


r<(«)(i + 


2 C , 


= r<(v)y<(w)^i + 




-Or- 


|.< 2 )^f] 


r<(")(i + 


<— \ 

2 ' S C j 


= 7<(v><(-)[(l + 
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r<0O(i + 


2 C J 


= r<(")r<(")[( 1 + 
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-te- 


|, 2 )^f] 


r<(fc)(i + 


«— \ 

2 C J 


-n(V)n(tr)[(i + 






|, 2 )^f] 



"bnijGu]hu, K \x K' pGhpgpuq huiiSuilpupqhpniiS IputfuijuiliuiG lupiuqnipjuuSp ^uipdq^iq q'mp&GuilpjjG i5uiuGJil[p 
uil|Gpuippuij|iG mqpq U huilpuqlip uipuiqnipjniGGhp|i huiiSuip inhqp mGhG hhinUjuiL uinGynpjnLGGhpp. 



<*1 



2 s (g " + 2 ' 
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M^iqhu GuiU uihqp mGhG hhinUjuiL hphp uinGynpjmGGhpp. 



gfe-l* 2 )- 



1^00 (*£ + |*) = 7<(7)7<(w)[(gl + + 1.) -*(*- |* 2 )^f ] 
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-sy> 



kuiiJuijuiliuiG mqpq U huilpjjrpip vt> inhrpulpjiG uipuiqnipjuiG huiiSuip uihqp mGhG hhinUjuiL l|uipUnp uinGynpjnLGGhpp. 



41-24q 



41-25 



"bmjGu[hu liuiiiuijuiliuiG nu^pri U huilpuqpp w uipuiqnipjuiG huiiSuip inhqp mGhG hhinUjui[ uinGynpjmGGtipp. 



fliqpil 2mpchSuiG huiiiuip 



l + s 2_ = ^ + 2°f >0 



l + y^ 



A( Wp )-y^ 
= AQvp) 
A(w p )- i-s- 



> 



pL + i_ iA(Wp) 



A(w P )- 



1 - "'p 

2 15 C 



<mliuiqpp 2mpdiSuiG huiiSuip 



1 + 



A(w P )- 



A( Wp ) + |^ 



> 



A(h-p) 



A( W p) + ^-i 
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2--i.aA(w,) 



A , X I Wn 

A(w P ) + i-,s-^- 



4,1-26 



4binUjun puiGuidUhpp lippuimpmS hG «4iujl]ualjuiG 4ujpmphpuiliuiGnLpjuiG UhpuiGplpji - Upiu^uiip OuipdnLiS» hnrppjifrnLir 
tGhpqJiuajp U puupp uiuihiquiGiSuiG nt dLiuifinJunipjuiG opUGpGhpfi iShg. 



(gf + \sf - ,(gf + y,)(l + \s^r) + g(l + |,f ) 2 



1 +*-*-+, 



1^ 



+ + + =g(g" 



!* 2 )(i 



(1 + 4-5-^-) U (g-y + ys) uipinuihuajLnnipjniGGhpli &Luii}inJunipjiuG puaGuidUhpp. 



(1 + 



(1 



(1 



y< («)(i + \sf) = [ 7< (v)(i + i.,£)][ y< ( W )(i + 1-^)] + (g-y^^w-^ 
i*r<(«)(*£ + 1*) = [r<(v)fe£ + l^)][7<W(gf + -£-*)]- (g- |.^ 2 )/<(v)r<("')(^ + g^) 

ys-y) U (g-y- + yj) uipvnuihuajinmpjniGGhpli &Luii}inJunipjUiG puiGuidUhpp. 

/<(w)(i + = [r<(v)(i + l*^-)][y<(»)(i + !'-§-)]- te- T' s2 )/<( v )r<(«)^f- 

f^7<(w)(gf + | S ) = [r<(v)fe£ + |*)][y<(»)fef + I*)] ^ 2 )7<(v)7<(")^f- 
y*-y) U (g-y + yi) uipinuihuijinnipjniGGhpli dLuiiJinJunipjuiG iShli uijl puiGui&U. 

f y<(B)( l + J_,|_) = y< (v){[ X< ( W )(l + y*-y)] + i[ 7i M(gf + i-o]> 

\ 7<(«)tef + I*) = 7<(v){(i +^)[y < (w)G?f - + 1*)] -^[7<W(i + 1^)]> 

ys-y) U (g4y + yi) uipinuihuajinnipjniGGhpli &Luii}inJunipjUiG iShli uijl puiGui&U. 

f + y.f ) = 7<(v){(l + .^)[/<(«)(l + - + T*>]} 

1 7<(w)(gf + |5) = 7<(v){[/<(«)(gf + I*)] +g^[y<(«)(i + !*!-)]} 
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41-28 



41-29 



41-30 



41-31 



g e qnp&ual|pgp niGfi hhinUjiu^ uapdhpp. 



4 1 



41-32 
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<iuilh[iliu£r 2 - Q-iuGdiuuiup Q-iur[iuijiiu]iiuunil 3)]iq]ilinuQh]i]i <iudiiup 

U"hp huignpq «4ui/biul/uiG ^lupiupbpwbiuGmpjiuG UbpiuGpbiu - Uhiujiuip CiupdmiS» hnqipiifrniiS iShQp uinuigtq hQp 
puiqmiS Qnp quipiSuiGuihpuy piuQuidkhp, npnGp GhplpiijuigGnuS hQp uiju huupjRpiifrniiS uinuiQg uqiinuifriSuiG: LTpuajQ 
hJybgGhGp iShp pGphpgnqGhpfiG, np Ghplpiijuigihiq puiGui&hhpp LnphGgjuiG huipuiphpiulpuQnipjiuQ inhunipjuiG 
huiiSuipdhpGhpp (hph uijq huiiSuipdhpGhpp pliuiplib qnjnipjniG niGhG) qnip quipnq hp uinuiGuq iShp piuQuidUhplig, qpuiGg ilhg 
h g qnp&iuliligQhpli hiuiJuap pQrpiiQhpiil hhinUjua^iupdhpQhpp. 

f s = 

1 . SbqiuljuiG uipuiq uigm if 



kuiiSuijuilpiiG 2uipdipiq ipnp&GuilpuG lSuiuGfilip inhquilpuG uipuiquigniiSGtipp K h K' pGhpgpuq huiiSuilpiipqhpniiS, 
huiiSui&uijG (1.8 - 3)-Ji h (1.8- 4)-Ji, iShGp uuihiSuiGtq thGp hhinhjuq bhpiq. 

K niqjiq h huilpiiqhp liGbpgpuq hunSuilpupqhpnuS K' niqfiq U huilpuqpp fiGhpgfiuq huiiSuiliuipqtipniiS 



fliqfiq uipuiquignuS 
<uilpuqpp uipuiquigniiS 



dw _ 


d 2 l? 


dt 


,->2 

dt 


dw _ 


d 2 x 


d*t 


<_2 

dt 



fliqpq uipuiquigniiS 
•iuilpiiqfip uipuiquigniiS - 



b = 


du 


_ d 2 x 




,->' 
dt 


,->' 2 
dt 


<— 

b = 


dtu 


d 2< x' 




it 


,<-' 2 
dt 



Oqinuiqnp&hpiq' inhquilpiiG uipuiquigiSuili ifhpnhfyjuq uuihiSuiQniiSp iShQp GhplpiijuigGnuS hQp dhq npn2 puiQuidhhp: 

♦ UpLGmjG pGbpgpiui hiudiubiupqbpmd ipnpdGmlpuG diuuGpljp miipq L hiuljiuqpp wbqiubiuG 
uipwqwgmiSGhpfi dppL bqiud <iiujbiul/iuG lunGjnipjniGGbpq (wniugpG piuGwdL) 



K niqfiq h huilpiiqhp pGhpgpuq huiiSuilpiipqhpfi iSpgk 

' tr - 1 t? 



K' niqfiq h huilpiiqhp pGhpgpuq huiiSuilpiipqhpfi iSpgU 
r <- 1 



i 



0+4) 



(i + 4 



♦ UphGmjG pGhpgpiui hiudiubiupqbpmd rfmpdGiul/iuG diuuGpljp mijfiij h hiuljiurjpp wbqiubiuG 
lupwqiugmdGbpp lipph bqmd 4iujbiuljiuG uinG^nipjniGGbpq (hpbpnpq piuGiudb) 



K niqfiq h huilpunhp pGhpgpuq huiiSuiliuipqhpli iSpgU 



K' niqfiq h huilpiiqhp pQhpgpuq huiiSuiliuipqhpli iSpgU 

rl(u-)b = - r l(ii)b 



♦ fipwp Gbiuindwdp hwpiuphpiuliiuG 2iupdiliuG dbp qmGijnq bpl/m mwppbp pGbpgpiui hiudiulpupqbpmil 
ipnpdGiulpuG iliuuGplip inbqiul/iuG lupiuqiugmdGbpp ilpgb bqiud -iiujlpnlpuG lunG^mpjmGGbpri 



UiuuQlilip niqfiq 2uipdiSuiQ qtuqpmiS 



b = 



UiuuQhlih huiliuiqhp 2uipdiSuiQ qhuipmiS 



1 



b = 



s(v)(i + 4 + ^) 
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♦ fipwp Gbimndwdp hwpwphpiubwG 2iupddiuG dbp qmGdnq bpbm mwppbp pGbpgpwi hiudiubwpqbpmd 
ipnpdGiubuiG diuuGpbp inbqiubwG wpwqiugmdGbpp dppb bqmd <tiujbuibiuG dGwjmG ujnGjmpjmGGbpp 

fliqpq pGhpgpuq hiuu'uilpupqtipp lJpgU •iiulpiiqpp pGhpgpuq hiuu'iuliiupqtipp lJpgU 

y 3 i (w^~a = y^Qu^b <=> y*(wj"a = y^Qt^b 

UiuhiJujQnuJ 1 -7 - Ciupddnq ipnpdGiubuiG diuuGpbp huiduip qnjmpjniG mGbG tip 2iupp jmpuihuimmb $>pqpbiubiuG 
iSbdmpjmGGbp ' uipuiqiugmiS U md, npnGg piugiupduib dbdmpjmGGbpp iSGmrf GG huiuiniuuimG pnpip pGbpgpiui 
hwdwbiupqhpmd (mqpq h hiulpuqpp): hdiuGiuiqbu qnjmpjniG mGp dp jmpiuhiuinmb qiuGqdiud, npp GmjGiqbu dGmd t 
hiuuinminniG pnpip pGhpgpuq hmdiubiupqbpmd (mqpq h hiubiuqpp): Uju pdiupbiud $>pq]ibiulpuG dbdmpjmGGbpp pudiuqmjGu 
bG pGmpiuqpmd biudiujiubiuG ipnpdGiulpuG diuuGpbp jwpdmdp mdiujpG qiu^uimd: Abmbiupiup pump wjq biupbnp 
fipqpbiubiuG dbdmpjmGGbpp dbGp uiGdiuGmd bGp -iiujlpubiuG dbdmpjmGGbp b miuppbpiubmd GGp qpiuGp uinnppG «A» 
gmgp^nd: Uhm mjq <{iujlpubiuG $>pqpbiubiuG dbdmpjniGGbpp uiuhdmGmdp: 

♦ AwjlpubwG wpuiqmgdwG umhdwGmdp K b K 1 mqpq b hiulpuqpp pGhpgpiui hiudiubiupqhpmd 

{~a i = y'(w)a = y^Qtj-b = <iuuuiuiuimG (inijjuq 2uiiuM ul G hunSuip) 
= -y^Qv^a = -y^Qljb = <iuuuiuunmG (ini]juq 2 UJ P'W U1 G huiiSiup) 

♦ AiujbiulpuG wpuiqmgmdp pn[np pGbpgpwi hiudiubuipqbpmd pwdwpwpmd t hhwbjuii wwjdwGGbppG 





— > 


f «< = 













♦ AiuGquuip qpfiwbmd qwGUnq AwjbiubwG qwGqdwdp umhdiuGmdp 

m io = -(8- T' ?2 ) m " ^ 

♦ AuijbuibwG mdp uwhdiuGmdp mqpq b hwbwqpp pGbpgpwi hiudiubwpqbpp hiudiup 

ft = m ia®< = •iuiuuiiuumiG (uii[]uq juipiWuifi murium) 
f i = m io a i = <uiuuiiuuiniG (uii|juq 2uipdriiuG hiuiSiup) 



2. fiwgwpdiub lupiuqwgmd 

kuiriiujiulpiiG 2iupctihiq ipnpdGiulpuG riiuuGpqp piugiupduil) uipiuqiugmriGtmp K U K 1 mqjiq U hiulpuqpp JiGtmgpuq 
hiuriiulpupqtmmri, hiuriui&uijG (1. 10 - 9)-h II (1. 10 - 10)-p, rihGp uiuhriuiGtq tpGp hhuiUjuq litmiq. 

K mqpq U hiulpuqhp JiGtmgpuq hiuriiulpupqtmmri K' mqpq U hiulpuqpp JiGtmgpuq hiuriiulpupqtipniri 

fliqjiq uipiuquigmri - ~a f 

|^ <uiliiuq[ip lupiuqiugmri - a v 
Oquiuiqnp&hpiq' piugumciiuli uipiuqiugriiuG ijQimhh2Juq uiuhriiuGmrip rihGp GtmlpujiugGmri hGp dhq npn2 puiGuidkhp: 



dr dr 2 
dr dr 2 



« < 



fliqpq uipuiquigmiJ 
<iul)uiqpp uipuiquigmiS 



dr 



dr 2 



dr 



dr 2 
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♦ Puiguipduib uipuiquigduiG puiquiqppjGbpp mqpq pGbpgpuii hiuiSiulpupqbpmiS (umuippG puiGuidb) 

-> ->' 
K mqpq pGbpgpuq hunSuilpupqnuS 



K mqpq pGbpgpuq hunSuilpupqnuS 



< 



dw p 
dr 
dw„ 



j>° du„ 



*p-^r-^(-)( 1 + l4)« 

♦ Puiguipduib uipuiquigduiG puiquiqppjGbpp mqpq pGbpgpuii hiuiSiubuipqbpmiS (bpbpnpq puiGuidb) 



K mqjiq pfihpgpuq huuSuiliuipqmu' 



-7l(w)a= -a < 



— > 

r<(-)(i + l4) 



£ mqjiq pGbpgpuq huuSuiliuipqmu' 



r<(«)(i + l4) 

♦ Puiguipduib uipuiqiugiSuiG puiquiqppjGbpp huibuiqpp pGbpgpuii huuSuibuipqbpmiS (umuippG puiGuidb) 
±- <-' 

£ huilpuqhp pGbpgpuq hunSuiliuipqmiS K huilpuqhp pGhpgpuq huuSuiliuipqmu' 



_o _ dw\ 
dw„ 



= -y\(^)[s 



> 



<-<> du„ 



bf ~ dz 



*p-^r-^(-)( 1 + l4> 

♦ Puiguipduib uipuiqiugiSuiG puiquiqppjGbpp huibuiqpp pGbpgpuii huiduiljuipqbpniiS (bpljpnpq puiGuidb) 



K huiljuiqpp pGhpgpuq huuSuil|uipqnLiS 

<-() 

= -rl(w)a =-a i 



K huilpuqhp pGhpgpuq huuSuiliuipqnLiS 



= -r\(u)b =-a i 



r<(*)(i + i4) 



r<(«)(i + i4) 



♦ huibuiqpp b mqpq puiguipduib uipuiquigiSuiG p^uijpG b muipuifruibuiG puiquiqppjGbpp 4uijbuibuiG 
umGjmpjmGji 



K pQhpgpuq huuSuiliuipqnLiS 



K' pQhpgpuq huuSuiliuipqnLiS 



<-() -><> , -> 
a„ = a„ + sa v 



> p = b f + sb P 



♦ ^bmuippppp 4uijbuibuiG puiGuidb 
K mqpq U huilpuqhp pQhpgpuq huiiSuilpupqlipmiS K' mqpq U huilpuqhp pGhpgpuq huiiSuiquipqhpmiS 



~a f = A(n'p)fl < 



< < 

b e = Mup)a^ 
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♦ fiiugiupdmb uipiuqmgGiuG pUiujpG piuqiuqpp^Gbpp b inmpmdmlpuG puiquiqpfijGbpp <{iujbuibuiG Ipmqp 
K nir\pr\ U huilpuri]ip pQhpgpiu^ huiiSuilpupqbpniiS K' mrfta\ U hiulpuqpp pQhpgpuiL hunJiulpupqhpnLiJ 



A( Wp ) 



H ~ A(w P ) 



« < 



(g-|* 2 )^ + |*A("p) - 
A(m p ) 



i.,2)^_J., A(Mp) . 



A(w P ) 



♦ Piugiupdmb uipiuqmgGiuG pUiujpG b inmpmdmlpuG pwqwqpfoGhpp mqpq b hmbmqmpd -(mjbwGmG 
dbmipnpjmpjmG huii[uiuuipmilGhpp K' b K mqpq pGbpgpmi huiiSuihiupqhpp GfipL 



fhripq dUuaipnJunipjniQQhp 



<uilpurpupd dUuiipnfunLpjnLGGhp 



A(v P )+ \s 



1 „ "p 
2" c 



A(v,) 



->0 Vn -> 



'F C "P 



A(v,)-ii 



L t _lL 

2 C 



A(v P )+ -fs-^ 



fop + -^-fop 



♦ fimgmpdmb wpwqiugiSwG pdmjpG b mmpmdmbwG pmqwqppjGbpp mqpq b hmbwqwpd <tmjbwhmG 
dbmipnpjmpjmG hwilwuwpmiSGhpp K' h K hmbwqpp pGbpgpwi hmiSmbwpqbpp tippb 



flir\pq dLuiifinJunipjniGGtip 



•£,uilpjjrpupd dUuiipnJunLpjnLGGhp 



A(v P ) + yS-^ 
A(vp)-|. S ^ 



P c p 



A(v,) 



2 ' S 

A(v P ) + |^ 



»p -g-£-bf 



Dp+ c Op 



♦ fimgmpdmb wpwqiugiSwG pmqwqppjGbpp piui[iupiupniiS GG hbmbjiui -iwjhwbwG wnGjmpjmGGbppG 
(a^ ? ' + sala P +g(a p y = (g - |.s 2 )/J(^)a 2 = (V") + .s^X + # p ) ~ = (g - I* 2 )/* (T?)fo 2 = (g-i? 2 )fl 

(^) 2 + ,^Vp + g(^) 2 = ( g --L, 2 )7 6^)£ 2 = p) 2 + ,^tp + gpp) 2 = G?-f? 2 )rK")^ = G?-t* 2 )« 



3. LLqiuin iIuiuQplip ^uijI/luIjiijG qnpdnijmpjuill pGinhqpuiip L LinqpuiGcfpuifi $>mMigpw(i 

Mjuihu qpxnhp <mjtpulpjjG ShunipjuiG ilhg uipinua&ijuid pnpip IpupUnp iShfrnipjinGGtipp iSGGp uiGipjiGmiS hGp 
«<iujlpul|uiQ» U G^miS uinnpJiQ «<» gnigpyn[, npiqhuqp tihGp inuipphpuilihGp qpuiGp uiUuiGrpulpuG huiiiuaupuinuiuJuuiG 
iShfmLpjmGGhppg: 



♦ K L K mqpq pGbpgpwi hmilmbwpqbpmiS -imjbwGmG qnpdnqmpjuiG pGmbqpwm b LmqpmGdpwGp 
-> ->' 

A" nupiri pGhpgpiui huiiSuilpupqniiS A" nuipn pGhpgpiui huiiSuilpupqniiS 



-mac' 



l+s^+g^dt 



£, = -m c 2 Jl + S^r + i 



->2 



-mac 



-m c 



1+sJfr+g-^dt 
C 



->2 

c 1 
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♦ K L K huibiuqpp pGbpgpiui hwdwlpupqbpmd ■iiujbiubiuG qnpdnqmpjiuG pGmbqpiuip L LiuqpiuGdpiuGp 
<- t-i 

K huiquiqpp pfihpgpuiL hiutfuilpupqnLiJ K huilpuqpp pfihpgpuiL hiutfuilpupqnLiJ 



-moC 



V 



C 



b i = -mac 



u 



Z i = -m c 2 l+s 



c 8 c 2 



-m c 



<-2 

c 2 



♦ AuijlpubuiG qnpdnqmpjiuG pGinbqpmjp dbdmpjmGp pnpip mqpq h hiubiuqpp pGbpgpiui hiudiubiupqhpmd 
upuhupuGilmiS t U hbmbiupuip dbGp ui/G l/GjiuGiubbGp uiniuGg dbbmnpp G^wGp «b» iniuniuGjiuGmj 



— — — fs^ — tr^ 



♦ UpbGmjG pGbpgpiui hiudiulpupqhpmd mqpq L hiulpuqpp LiuqpiuGdpwG $>niGbgpwGbpp <twjl]wl]wG bwigp 
K mripri U huiquiqpp pfihpgpuiL hunJuilpupqhpnLiJ K' mqpq U huiqumpp pGhpgpuq huiiSuiqiupqhpniiS 



1 +S f 



1+4 



♦ LiuqpiuGdpwG jmiGbgpwGhpp mqpq h hwhiuqiupd -ZiujlpubiuG dbwipnpjmpjwG pwGwdhbpp K 1 h K 
mqpq L hwlpuqpp pGbpgpiui hiudiubiupqbpp rfppb 



fliqpq dUiuipnJunipjniQQhp 



x <(") 



1 + ^ + gjr 



l + s- 



<uiqiuquip& &LuiipnJunipjniGGtip 



c 2 



" X <(") 



4. Uqmui dmuGpup tGhpqpwjp L pmipp AwjquihwG pwGwdhhpp 



♦ K mqpq L hwl/wqpp pGbpgpiui hwdwbiupqbpmd tGbpqpiujp b pwipp <tiujbwbiuG pwGwdbhpn 



K niqpq pGhpgpuq huiuuiquqiqniu 



1 + ^-s^- 



-moc 2 = A(w P )moc 2 



K huiquiqpp pGhpgpuq huiuuiliuqiqniu 

<_ 1 + ± S M_ 

= 2 c mnc 2 = A(w v )m c 2 



-moc 



-moc 
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♦ flqfiq b hmbwqfip tGbpqfiiujfi b pwififi -iiujbwbiuG uinG^mpjmGGbpp 



E i - E < - E i 



P<=-(Pi+ s ± E i) 



♦ tlqfiq b hmbwqfip piuififi rffipfiG qmiSiupfi b muippbpmpjwG IiujbwbiuG lunGjmpjmGGhpp 



2 ' S C C < 



♦ UGjuipd iSiuuGfibfi <tiujlpiihiuG GbppfiG tGbpqfiiujfi L ^lujbuibiuG GbppfiG piuififi piuGwdbbpp (w = 0) 

E i0 = E = m c 2 

Pio = Pio = P <0 = -\sm a c 



♦ Id-mpGdiud UiuG fiuudiup tGbpqfiiujfi h qiuGqdiu&fi <{iujlpubiuG piuGiudbp 



w - <0 - i An, r% - 1 r 2r 



♦ tGbpqpuijp b piuififi niqfiq b hiulpuqiupd -iiujlpubiuG dbiuifinfiimpjiuG hiudiuuwpmiSGbpp K b K niqfiq 
pGbpgfiuii hiuiSiulpupqbpfi Gfipb bpp g * 



fliripq 6Uuii(inpjnipjniGGhp 



•iuilpjjrpupd dUuiipnfunLpjnLGGhp 



< c \ * c 



(! + 4)(Vf 



♦ Ciupdi[nq ifinpdGwbiuG iSiuuGfibfi 4iujbiulpuG [pfid tGbpqfiiujfi lupmwhiujmmpjmGp bpp g * 



2 / N 2 



^(^)p<+<p<) 2 = ) +*U^ )p;+g(/?;) 2 = g(g-|. 2 )(m ()C ) 2 >o 



r ? 2 )(ra c) 2 > 



♦ Ciupddnq ifinp&GmbiuG iSiuuGfibfi w uibqwbiuG lupmqnipjwG npn^iubfi lupdbpGbpfi qbwpmil tGbpqfiiujfi b 
piuififi huiiSiup mbqfi mGbG hbinbjuii «iniupopfiGiuljmpjmGGbpp» 
r r 

[ s < 

ui) hph 



8 > T' s2 



U w = --y c > uiupjj E < = U P< = - -j.s 2 »Joc 
U w = -y-g-c > uiupu p 4 = p 4 = U 



p) hph < 4 U w = -4-4-c > uiujui p , = p . = U E , = J 

> U g < - g II 



-ks 2 

4 2 
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5. ^u/jdujbuiG nid 



♦ ^uijqiuqwG mdfi muipuiduiqiuG puiquiqpfi^Gbpfi uwhduiGmdp mqfiq U hmuuiqfip fiGbpgfiuii hiuiSiulpupqbpmil 
-»' -> <-' <- 

K II K nu\pri pGhpgpuiL huitiiulpupqtipnLiJ K U K huilpuqpp pQhpgpua^ hunSuiliiupqhpnuS 



dp't 
.-»' 

.-> 



,<-' 
.<- 



♦ ^wjljiuquiG mdfi pq'ui/fiG puiquiqpfijGbpfi uuihiSiuGmiSp mqfiq b hiulpuqfip fiGbpgfiuii huiduiqwpqbpmd 



K U K mripri pGhpgpuiL huitiiulpupqtipnLiJ 



K h K huiljuiqpp pGhpgpiui huiiSuiliuipqhpniiS 



ft = 



-><> 



ft 



ft 



dt 



dt 



c 



♦ ^lujbmqiuG mdfi uiuipuiduiqwG pmqmqpfi^Gbpfi piuGwdbhpp mqfiq b hiuquiqfip fiGbpgfiuii hwdwquipqbpmd 
-»' -> <-' <- 

^ li niripri pGhpgpuiL hunJuilpupqtipnLiJ A" L £ huiLpuqpp pGhpgpiui hunSuiliiupqhpnuS 

— >' — * f <— ' <— 

ft = "(g- T' s2 ) ra( '/<(") fo I A = "fe- T'^^o^K") 6 



♦ 4uijquilpuG mdfi pq'uijfiG pu/qiuqpfijGbpfi piuGwdbbpp mqfiq b huiuuiqfip fiGbpgfiuii hmdmUuipqbpmd 
K V K niripri pGhpgpuiL hunJiulpupqhpnLiJ K U K huil)uar^pp pGhpgpuiL hunJiulpupqhpnLiJ 



7< =-gte-^ 2 )m ( ,^-/K")^ = ^-i-7< 



< 



ft = f* 2 )mo-^("> = 



♦ AuijhuiquiG hiupiupbpuihiuGmpjuiG hiuumiq mbumpjiuG dbp iqiuliiqiuGdnid t "bjmumGfi dbpiuGfiqiujfi 
hpqpnpq opbGpp, bpb dbGp hjmumGfi qmuiubuiG mdfi q^nfuuipbG oqmiuqnpdbGp 4uijqiuqwG mdp, quiuuiqiuG 
qwGqduidfi ifinfiiiuphG oqmuiqnpdbGp -iuijuuiljuiG qwGqduidp b q'bppuiu/bu mbquiqiuG quid hjmumGjuiG 
lupiuquigdiuG qhnpjuipbG oqmuiqnpdbGp -iuijljiubuiG wpuiquigmdp: 



K U K mnpri pGhpgpuiL hunJiulpupqhpnLiJ 

ft = <S- js 2 )m a i = m io a i 



K U K huilpuqpp pQhpgpua^ huiiSuilpupqtipniiS 

ft, = \s 2 )m< > a < = m io a i 



J_-2 
4 



s 2 )moa i = m io a i 
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♦ 4uijhuiquiG huipuipbpuihuiGmpjuiG huiwmb uibumpjuiG rfbp u/uihu/uiGdmrf bG GwL IrjmumGp rfbpwGpquijp 
uinuipfiG U bppnpq ophGpGGpp: -iuijl/uibuiG mdp rfbdmpjmGp pnpip mqpq pGbpgpuii huirfuihuipqhpmrf bwrf 
pnpip huibuiqpp pGbpgpuii huirfuihuipqhpmrf u/uihu/uiGdmrf t, puq mqpq L huibuiqpp pGbpgpuii huirfuihuipqbpp 
rfpph ^uijl/uihuiG mdp ipnpimrf t rfpuijG GjuiGp: 

"bjmuinGp lJQpuiGplpujp umuigpG ophGpp "bjmuinGp lJQpuiGplpujp bppnpq ophGpp 

7< = 7< f 7< = -7< 

- «-' ~ iff 

/< = /< /< = -/< 



Puigwpduib md 



♦ Puigmpduib mdp muipuiduihuiG puiquiqppjGbpp uuihrfuiGmrfp mqpq U huiquiqpp pGbpgpuii 
huirfuihuipqhpmrf 



K II K mqpq pGhpgpuq humiulpupqhpmu' 



J ? dT 



K U K hiulpuqpp pGhpgpuq hiuiSiulpiipqhpniu' 



J " dt 



dp i 



f ? dT 



♦ fiuiguipduih mdp pq'uijpG puiquiqpp^Gbpp uuihrfuiGmrfp 



♦ UphGmjG pGbpgpuii huirfuihuipqhpmrf wqqnq L huihuiqqnq puiguipduih mdhpp pq'uijpG L muipuiduihuiG 
puiquiqppjGbpp rfpph mbqp mGGG hbmLjiui ■iuijhuil/uiG uinG^mpjmGGbpp 



K pGhpgpmi^muuilpupqmu" 

-0 _»o 



/ P = /p=>S 



K' JiGhpgfiuiL hiuiiiulpupqnLii 



/ P / P ./p 



-(7p + f 7 P °) 



/ P + g ./ p ^ 



♦ Puiguipduih mdp pq'uijpG puiquiqpp^Gbpp -iuijljuiquiG puiGuidbbpp K U K 1 mqpq L hwlpuqpp pGbpgpuii 
huirfuibiupqhpmrf b buiu/p -iuijbuiquiG mdp hbw 



K mqpq h hiulpuqhp pGhpgpuq hiuiSiulpupqbpmu' 



9 . — » ^P ^ 

s*y mo -£-a < = g-£-f < 



J_c2 
4 



/ P = -gfe- i' ? ) m ° c fl < = S c f< 



K' mqpq U hiulpuqpp pGhpgpuq huiu'iulpupqhpmu' 



/ P = -gig - \s 1 )m a -^-a i = g-^-f < 



84-86 



© - U"liui^uii}i Q-njhpp <uipuiphpuilpuS OuipdihuS ShunipjniS - © 



♦ Piugiupduib mdp muipuiduibiuG puiquiqppjGbpp ^uijbailpuG puiGuidbbpp K b K 1 mqpq L hwbiuqpp 
pGbpgpuii hiuiSiulpupqbpmiS b l/uiu/p ■iiujlpubiuG mdp hbm 



K mrLpri U huilpuqpp pGhpgpuiL hiutiuilpupqhpnLii 

7 P = -0?- }s 2 )'"o7 i (w)a i = 7 4 (w)/ < 



K' mqpri U huilpmipp pQhpgpiu^ huiiSuiliuipqhpniiS 

7 P = -ig- \s 2 )m a y i (u')a i = /<(«)/< 
7 P = ~(g- i" 2 )mr i (u)a i = / < (m)7 < 



♦ Puiguipduib mdp pduijpG puiquiqpp^Gbpp uipuiuihuijuiduid puigmpduib mdp muipwduibuiG 
puiquiqpp^GbpmJ 



K mqpq U huiquiqpp pGhpgpuq huiiSuiqiupqhpniiS 



K' niqpq U hiuquiqpp pGhpgpuiL hiuiiiulpupqhpnLiJ 



/' = 8~f 
J p 5 c ■' f 



f n 8 r f u 



fr 8 r $v 



♦ puiguipdmu mdp <tuijl]uibwG pmGuidbp K mqpq L huibmqpp pGbpgpuii huiiSuibuipqbpmG 

(7 P °) 2 + *7 P °7 P + g(7p) 2 = g(i + 4 + s-^)(7p) 2 = 
(7;) 2 + *7 P °7 P + g(7p) 2 = 8 (i + 4 + ^)(7p) 2 = < 



♦ £/7/z(/ puiguipduiu mdp -iuijquipuiG puiGwdbp K mqpq b Jiuil/uiqpp pGbpgpuii huiduiljuipqbpmd 

v \ 2 r -> ->2 \ /_,/ \ 2 

_()'\ 2 <-0'<-' ' \ 2 



/;'Y + *7 P °/ P + *(/,) = «( i + *f + *-*r )( /p ) = <^ 



< 



/p + */„/„ + 



? (7;) 2 =g( 



l+ 4 + ^)(7 P ) 2 -^ 



♦ Uqqnq puiguipduil/ mdp pduijpG b inmpmdmlpuG puiquiqppjGbpp mqpq b hmlpuqiupd <{uijl/uibujG 
dbimpnpimpjiuG huidwuuipmdGbpp 



fluipq dUuiq^nJunLpjinG 



<uiquiquipd dUuiq^nJiinLpjinG 



A(v P )+ 



A(vp)-f^ 



J p + 8 c i f 



f ~—f 
.i P c ■' P 



/p = 



A(vp)-|,^ 



A(v P ) + |^ 



/p 8 r f p 



f +—f 

P C •' P 



♦ Auilpuqqnq puiguipduiu mdp pduijpG b muipuiduibuiG puiquiqppjGbpp mqpq b huibuiquipd ■iui/puil/uiG 
dbiuipnpimpjiuG huidwuuipmdGbpp 



fluipq dUuiq^nJiinLpjinG 



<mqiuquipd dUuiq^npjnipjniG 



A(vp) + t s 



1 „ "p 

2 1 C 



/ p + # e / P 



A(vp)-f^ 



7 --^7 

./ p c P 



A(vp)-|,^ 



A(vp) + |,^ 



/p S Q f p 



7 +^7 

^ P C •' P 
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U\i JuGqpuiGp lJbp hnrppjifr-qppnijqli huipquipduiG pGphpgnqGhppG: CuipuiqptfuiG iShg imquiqpuiqiuG quitf 
2iupiuhjnLuiul|uiG GjipiqniiSGhp huijinGuiphphpn qhiqpmiS, JuGqpmiS hGp uihqjuiq iquihtq tihq Uhpnlifyjuq tpjqinpnGuijfiG 
ifmuinni|; ImiIj hph qnip huijinGiuphphp piSuiuinuau|ipual|uiG qunS iSuiphiJiuin|il|uiquaG uuijpiupniiJGhp, uiiqui Ghpnq hqhp: lui 
lipiSpiujG iShp iShqpG t U ph <uijquilpuG ShumpjuiG quiti uinui4tq Uu GnpJiG iShfrmpjinG UiuphiSuunpquijp, miS hhui iShp 
huiqnpquaqgnipjniGp uijq upuhJiG qiupnq t pniquigtq tp: 
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Armenian Theory of Special Relativity 

Robert Nazaryan 1 *, Haik Nazaryan 2 

Yerevan State University, 1 Alek Manukyan Street, Yerevan 0025, Armenia 

California State University Northridge, 18111 Nordhoff Street, Northridge, CA 91330-8295 



By using the principle of relativity (first postulate), together with new defined nature of the universal speed (our second postulate) and 
homogeneity of time-space (our third postulate), we derive the most general transformation equations of relativity in one dimensional 
space. According to our new second postulate, the universal (not limited) speed c in Armenian Theory of Special Relativity is not the 
actual speed of light but it is the speed of time which is the same in all inertial systems. Our third postulate: the homogeneity of time-space 
is necessary to furnish linear transformation equations. We also state that there is no need to postulate the isotropy of time-space. Our 
article is the accumulation of all efforts from physicists to fix the Lorentz transformation equations and build correct and more general 
transformation equations of relativity which obey the rules of logic and fundamental group laws without internal philosophical and physical 
inconsistencies. 

PACS: 03.30.+p, 04.20.Fy 

On the basis of the previous works of different authors, l 234 5 ] a sense of hope was developed that it is possible to build 
a general theory of Special Relativity without using light phenomena and its velocity as an invariant limited speed of nature. 
The authors also explore the possibility to discard the postulate of isotropy time-space. [1,41 

In the last five decades, physicists gave special attention and made numerous attempts to construct a theory of Special 
Relativity from more general considerations, using abstract and pure mathematical approaches rather than relying on so 
called experimental facts. 161 

After many years of research we came to the conclusion that previous authors did not get satisfactory solutions and 
they failed to build the most general transformation equations of Special Relativity even in one dimensional space, because 
they did not properly define the universal invariant velocity and did not fully deploy the properties of anisotropic time-space. 

However, it is our pleasure to inform the scientific community that we have succeeded to build a mathematically solid 
theory which is an unambiguous generalization of Special Relativity in one dimensional space. 

The principle of relativity is the core of the theory relativity and it requires that the inverse time-space transformations 
between two inertial systems assume the same functional forms as the original (direct) transformations. The principle of 
homogeneity of time-space is also necessary to furnish linear time-space transformations respect to time and space. [23S] 

There is also no need to use the principle of isotropy time-space, which is the key to our success. 

To build the most general theory of Special Relativity in one physical dimension, we use the following three postulates: 

I 1. All physical laws have the same mathematical functional forms in all inertial systems. 

< 2. There exists a universal, not limited and invariant boundary speed c, which is the speed of time. (1) 
I 3. In all inertial systems time and space are homogeneous (Special Relativity). 

Besides the postulates (1), for simplicity purposes we also need to use the following initial conditions as well: 

f When t = t' = t" =...= 

■i (2) 
I Then origins of all inertial systems coincide each other, therefore x„ = x' = x'l =...= 

Because of the first and third postulates (1), time and space transformations between two inertial systems are linear: 

Direct transformations Inverse transformations 

r t ' = pdv)t+p 2 (v)x and r f=/»i(vy+/» 2 (vv (3) 

\ x' = j\{v)x + j 2 {v)t \ x = 7i( v ') x ' + 72{v')t' 

In this letter we only introduce, without proof, our new results such as: Armenian transformation equations, Armenian 
gamma functions, Armenian interval, Armenian Lagrangian function, Armenian energy and momentum formulas, Armenian 
momentum formula for rest particle, Armenian dark energy formula, Armenian transformation equations for energy and 
momentum, Armenian mass, acceleration and force formulas. All new physical quantities has Armenian subscript letter <. 
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Armenian Relativistic Kinematics 



Using our postulates (1) with the initial conditions (2) and implementing them into the general form of transformation 
equations (3), we finally get the most general transformation equations in one physical dimension, which we call - Armenian 
transformation equations. Armenian transformation equations, contrary to the Lorentz transformation equations, has two 
new constants ( s and g ) which characterize anisotropy and homogeneity of time-space. Lorentz transformation equations 
and all other formulas can be obtained from the Armenian Theory of Special Relativity by substituting s = and g = -1. 



Direct transformations 

t' = r<(v)[(l + 
x' = / 4 (v)(x- vf) 



and 



Relations between reciprocal and direct relative velocities are: 



1+^ 



Inverse transformations 

' = 7<(v')[(l + *4>' + ^' 
x = 7< (v')(*'-vY) 



Armenian gamma functions for direct and reciprocal relative velocities, with Armenian subscript letter ■<, are: 



r<(v') = 



> 



r<(v)r<(v') 



> o 



> o 



, vv_ 



y 4 (v')v' = - 7 < (v)v 



Relations between reciprocal and direct Armenian gamma functions are: 

7 < (v') = 7 < (v)(l+.^)>0 

also 

r < (v) = y < (v')(i + *4) >0 

Armenian invariant interval (we are using Armenian letter h ) has the following expression: 

h 2 = (ct' ) 2 + s(ct' )x' + gx' 2 = (cf) 2 + s(ct)x + gx 2 > 
Armenian formulas of time, length and mass changes in K and K 1 inertial systems are: 



7<(v)*o 



1+^ 



c 



4r = \f 



1 + s£ + 1 



and 



c 



/' = 



7<(v') 
7 < (v')m 



= i n + s^+) 



mp 



Transformations formulas for velocities (addition and subtraction) and Armenian gamma functions are. 



u = u (Bv - 



l-g^r 

c 2 



and 



u = uQ v 



r < («) = r < (v)r < («')(i-^) 



YAu') = rAv)rAu)(i + si + g^) 



(4) 



(5) 



(6) 



(7) 



(8) 



O) 



(10) 
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If we in the K inertial system use the following notations for mirror reflection of time and space coordinates: 

J 7 - mirror reflection of time t 
1 x - mirror reflection of space x 

Then the Armenian relation between reflected (i,J) and normal (/.a) time-space coordinates of the same event are: 



(11) 



t = t + jrSX 
X = —X 



1 



and <^ _ c (12) 

I X = - X 

The ranges of velocity w for the free moving particle, depending on the domains of time-space constants s and g, are: 



g\s 


I s < 


s = 


s > 


g<0 


I < w < w 


< w < c 


< w < w 


g>0 


I < w < — \-c 


< w < co 


< w < co 



Where w is the fixed velocity value for g < 0, which equals to: 



w 



= -|(t' s+ 1 /(t- ? ) 2 -0 C> ° 



Table (13) shows that there exists four different and distinguished range of velocities w for free moving particle, which 
are produced by different domains of time-space constants s and g as shown in the table below: 



8 < 0, s 


= 


1 g < 0, s < 0, s> 


g>0, s < 


g > 0, i > 


< w < 




1 < w < w 


< w < — Lc 


< w < co 



Table (15) shows us that each distinct domains of (s, g) time-space constants corresponds to its own unique range of 
velocities, so therefore we can suggest that each one of them represents one of the four fundamental forces of nature with 
different flavours (depending on domains of s ). 



Armenian Relativistic Dynamics 



(13) 



(14) 



(15) 



Armenian formulas for acceleration transformations between K' and K inertial systems are: 

' „' - 1 n 



< 



y 3 (v) ( 1 + J i + g m) 



7j(v)(l-£^) 3 



Armenian acceleration formula, which is invariant for given movement, we define as: 



a , 



Armenian relativistic Lagrangian function for free moving particle with velocity w is: 

£ A (w) = -m c 2 jl+s^+g^- 

Armenian relativistic energy and momentum formulas for free moving particle with velocity w are: 

1 + i?-^ 



-moc 



(16) 



(17) 



(18) 



(19) 
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First approximation of the Armenian relativistic energy and momentum formulas (19) are: 

£>(w) a m a c 2 - (g- jj z )(yMow 2 ) = m c 2 + ym^w 2 



„ !_ 



sm c-(g- \s 2 )(m a w) 



7 sm c + m io w 



Where we denote m i0 as the Armenian rest mass, which equals to: 

m <o = ~( 8 ~ T' ?2 ) m ° ^ 
Armenian momentum formula for rest particle (w = 0), which is a very new and bizarre result, is: 



From (22) we obtain Armenian dark energy and dark mass formulas, with Armenian subscript letter \u, and they are: 



and 



ffl ,u = i s2mo 



Armenian energy and momentum transformation equations (g * 0) are: 
Direct transformations 



Inverse transformations 



E'. 



« c - r<(y) 
p\ = r<(v) 



'4 



Bip A 



and 



E, 



s— = r 4 (v) 



< c 



- 4 



From (24) we get the following invariant Armenian relation: 

-f) +s (s-r\ i + g(p i y = ( 8-r 



8-(T jp'i+gif'i) = s(g~ \^{m c) 2 
Armenian force components in K and K' inertial systems are (see full article): 



T o _ d ( S 



and 



1 ->± F < 



From (26) it follows that Armenian force space components are also invariant: 

F i= F 'i= m io a i 



(20) 

(21) 
(22) 

(23) 



(24) 



(25) 



(26) 



(27) 



As you can see (15), we are few steps away to construct a unified field theory, but the final stage of the construction will 
come after we finish the Armenian Theory of Special Relativity in three dimensions. You can get our full article (in Armenian 
language) via E-mail or from http://ia601609.us.archive.org/28/items/ArmenianTheoryOfSpecialRelativity/ARM_ODM.pdf. 
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Subject: 



Zunuiuuiuitifr ZuiuinU} Q-Jiuiiu^iuti Ztumiqnuini_p]ni_tititp]i ZJiiftiuiplini.pjni.ti (ZZQ-ZZ) 



21 0hwpi^wpfi 2013p., Inu Uliphinu, UWb 

Zuipqhiji Uunupuiiqhui Utjpuiti Ohuitrjuiti, 

Q-npbp ip<?ni_p]ni_hp phiuiqpniaf t Jib^, np piihu" 3hp puihl] chuiluihuilih Jh iluiup U ulibnhil 3hp ni_2unipni_p]ni_hp 
mnmh<lhuihuiuini_l] lnuphnpni_p]ni_h ni_hhgnq hhuilrjuq huihquiifuihghhpp ijpui: 

&m\ 3hq huijuihh lhhh, np uihgjuiip quipp uinuighh Iphunuf Zurjqhhphpqp uuihqbuib £ihuhuiui]hh ifhpuihhlnuh 
(1925p.) U Thpuilih uuihqbuib Zuipuiphpuilnuh pihuhuiuijhh ilhguiuhlpuh (1928p.) huihqhuuiguih uihuuilpuu 
$hqhlrui]h Ipupuiuip hpqhpp: Hugh^t ifnui 85 uiuipp U uihuuilnuh 3>hqhlpuh urjihu n^ ilji ni_pp2 uihuni_p]ni_h ^h 
Ijuipnquigt^ uuihqbhp Oquiiphuiij uibuuilputi 3>hqhlpu]m_il uuihqbijuib uijq hplpupuiuih qmuiuiplmi_p]ni_hhg 
upiiuihhunqu^ui «3>hqhlpiuhhpp», npnhg buiqnulp 2uiui upupq t u~hq, ugpph puiqniaf Iphqfc qhuiuilpuh 
uihuni_p]ni_hhhpnij, ph^uphu opptuulp "String Theory", "K Theory", "Big Bang Theory" h urjiU... 

U^piuiphnLu" htn np ifh puiti 2urin i]urqnLg ^p2in st... 

Shuuilpuh 3>hqhlpuh uiifpnq<? U2]uuiphni_u~ h h lluiuhuiihipp Zuijuiuuiuihnul quitnpiuf t 2uiui ]unpp 
umngmlpiiiihufc i]h<!£uilmi_il h hpp dhuihuiipp ququijh nL uuinm_]gp uihqhg li2uipdv[p 2uiui qchhup t uiuhp 
Shuuilpuh 3>hqhlpuh phmlm]uhi^ hmipiimmphhnLpjuih h hiunjuipp ifp hnp quipui2P2uih: 

Zuipg t uinui<?uihni_u~ ph hhyi l hiJ hu urju pnpipp uiunLiJ, Ipupbhu ph qhuini_p]uih hhui ni_qquil]h quivq ^nUihgnq 
hui]uuipuipni_p]uihp, h n^ ph «qpuini_p]uih h piLuuii|npni_p]uih>> hui]uuipuipni_p]uihp: TLuiuiuiuhiuihp 2uiui upupq 
t, npm|hhuih qhuini_p]uih huihiuipuipp pp lpupnqni_p]ni_hhhpp unjhip 2uiui gni_guiqpni_u~ t ^Ht^-h ifpgnufhhpp 
u~h<? puih ph 2,ui]uiuuiuihni_u~ qpuinLpjuih quipquigifuih uiuupuphqnuf: 

bu tihlpnpnhhli huiu"uilpii| qpillqhu" uiuipphp hui]uuipuipni_p]ni_hhhpp, hhpuinjuii^huih 3hp hui]uuipuipni_p]uih 
Junuhuiliph (23 T^hliuihiJphpp 2012p.): bu tihlpnpnhuijhh huiu~uilphhpni[ qpiJhi^hiJ huih tihliuipnhuijph 
ipnuuiuipljq nthhgnq pnpnp Zui] !bpqplpiuhhpph (100-pg unjbi): Puijg, hu"ni_2h huuluip, hpuihghg qnhh llhlpp, 
puui hnqipubh pnihuhquilpiLpjuih, £uip<iuiquihghg: Q-nhh ilhlpp ^uiuuig, np ilhp uuihqbuib hnp uihuni_p]ni_hp 
upiuq t Ipuu" hhifuipni_p]ni_h t h Ipuif ti^uiuuig ifp npht uijih puih: Puiguipiiuiliuiuihu n^Jh uipiiuiquihp... Uui 
pmi_p]uiu~p uuiuihhpaL uihphnuiqhui t, npp oquiuiqnpiijh^ t if hp hliuiuiifuiifp 2uiui ihuqni_g h uijdvf h[ 
oquiuiqnpbi|m_if t: Uhp hnqihu&P uiuiuiqpiiuih huuJuip nLquipIihghhp huih AJP (Armenian Journal of Physics): 
Uhghi^t hplpiL uivfpu h n^ ilh uiuiuiuiuhiuih: PuiguinnLpjnLh t liuiqiJnLiJ llhurjh UihjnLnph huiJuuipuipnLpjnLhp, 
npp uipA.uiquihphg Jhq, puijg ^guihl]uiguii| oqhhi^, npni|hhuih uiuimuumi_il t «UppnLp Tlnqnu]uih»-p 
hhi|uihqnLp]uiiJp h ifhhp quipiiuihp uijq ppun|h^uilih puiipiLpjuih hnjuuiqp: 

^hsn l hu" hu qhiinLvf Zui]uiuuiuihh Uuiuipuiuihuihh: 

UlTb-h u]ui2uiu]uihnLp]uih huiJuuipuipnLpjuih hni|uihnL hhppn qnpbniof t w'lUrb'TlU* qnpbuiliuiuiLpjnLhp, npp 
hupuuiuilih t. «lJu]uihniJhi^lJlJXj-h nuiqifuiliuih uihphhliuiqhuiuiliuih qhpuilnu]ni_p]ni_hp h liuihjuhi^ 
uihghhiiuiqhuiuiliuih uihuilihliuii^lihpp, npnhp liuipnq hh i|huiuhi^ ULTb-h uiqquijhh uihiJuiuihqnLpjuihp: 
^IjrbTLU-h hm|uihuii|npnLif t pnpnp hhquiihnhiuiliuih puipiipuipdhp hhuiuiqnuinLpjnLhhhpp , npnhp liliunJpghh 
hhvfhuipuip huijuihuiqnpbnLpjnLhhhpp h qpuihg nuiqiluilpuh oquiuiqnpbiJuih vfpgh hquib i|hhp:» 



l 



fcu mnm<?uiplpiLd hd utnhqbhL Zuquiutnuitih ZuitnnLli q-hinuduuti ZhtnuiqnirmLpjnLUuhp]! ZpduuiplpiLpjnLti 
(2,2,0-2,2,), npp. qnpbnLtihnLpjuiu hhdpnLd ptdpoib Ipjilih dhp utnhqbuib 2ui]quiquiu ShumppLtip U qptuu]ig ppmq 
pnpip Imp mhpuhh^mqhinudpuu mumh^ulpuiuhpp U uiuuuihituqhtq huijtnuuiqnpbnLpjnLiiuhpp. . . 

fcph dhp <<2ui]quiquiu PuiUuiq» hpqp. dhg uiuqnLd b np. « UhpU b lpulqriL uqu Unp hmquipuid]iuqp », uitqui uqu 
oqjig ^p. quipiL dhq, uq^ptugh nuiqduiquiu hui<?nqnLp]nLtiuhpp.g, uiju quiuiuipi|tmL b uuih qhmmmhpuhquiquiu 
hhqui2P2duidp Unp tnhuuiquiu quiquiihuipuhp]i duipduuignLdniL 3>pqpqui]p lihg qui hmuqhuuiuuqnL h iitp 
utnhqbuib «2ui] quiquiU ShunLp]nLti»-p U ijbpg: 

2uipqhih Utquipunqhin, «Uhui^unh Q-njhpp. 2uipuiphpuiquiu CuipdduiU ShunLpjnLti - Uquiui CuipdnuJ» hnqijuibp 
huiuqhuuiunLd b dhp hhduuipuip «2,ui] qvuquiU SbunLpjnLli* u^piuitnnLpjuiu dhuqti dhq hupuipuidp-tip : Uju 
hUpuipvudpUp uinuiti(iliuiglihmi[ hpduuiquiu ui2piuiuiiiLp]iiLlipg U Ljhpuihidpuiqphniq 1 nptqhu uimuu&hu 
phgliiiLpiiLjli hnqLjiufc, dhtip utjjiphghup uijli if bp CnL9pp uiquiinuiqpduiti 20 vmfjuiqp ti (puijg n i[ JiduiguidJ: 

Ubp hnqijuibp qgijuib b uqu uunluiqpu quid InLp quipnq bp UuiU i|bpgUb^ui]uuibqhg. 
http://www.armeniantheory.com/atfiles/arm odm/pdf/arm odm book.pdf 

Unui^hU huijuigphg uiudhq ijhpuuiqpnt[ dhp hnqijuibp, p.puiquiUnLiJ p.p dh<? iquipnLtiuiqnLd t liujuuibuiihuL 
q]immmhpuhquiquiu mumququiitihp]i uhpifhp: 

IXhlip himhninnLd htip np uiuquiu" dhq hnqijuibp quipnq t qui]b]i qhp quimuiph^U pngtuq 1 turnip 2uijng qhtnnLpjuiu 
<?udip, p.U^tqhu uuili huqhgulq_ umngmququib mhuuiquiU ^hqhquiU uidpnqg U^HituphnLd: Uju dtp hnqq'uibp U 
dtp qnqdjig tquiinpuiutnqnq djnLu hnqi|uibUhpp quipnq hd quimuiph^ hhlig uqq quijbh qhpp: 

Uhup himhninnLd blip uuili np qprnnipjuiu i]hpuibuuq]i Up2uiuiL]up pmgdjqm. t Zuquiuuiuiu - Upguihi 
U2]uuiphnLd U Zuquiuuiuiup tmp]ig quintiuiuiL t ^qphtn qhumippiMitph quipquigduiu qhtunpnti nL U^Hiuiphh 
qhmuuiquiuuhp]i huiduip nLhiinuiinhqh: 

Uju hnqq'uibp uiupuqpqliniLg hhmn, dhlip hniju nLtihdp, np Zuquiuuiuiup. "TLu^uiiquiunLpjuiu "buikiuipumnLpjuiu 
hnthuuiuipipnLpjuidp hUuipuiq'np lpp.Up. 2ui]uiuinuiunLd hpuimuipuiqh^«2,ui]quiquiti ShunLpjnLti* 
ui2]uuiuini_p]ni_up uidpnq<?nLp]uidp, ]i thuinu dtp Upnpqjiuhpji Shqh U Upnpq|ilihp]i UppuiquiU Zuqphupp 
2ui]uiuinuiuh: 2uqng ghquiuujuilinLpjuili 100 uidjuiqp. quiujuiqgnLpjuidp qui Ipjilip. dtp uidhtiuiuiqqhgp.q 
ujuimuiuKiuiUp Zuijng ghquiuujuiunLpjnLlilihpp. ujuimtQipuimnLlihpp.li, bpuiqpuiqnpnqtihphu, hpmqnpbnqUhpp.U 
h mhmmpphp U2himphhti: 

lui ^ijili]! Zvujng 2,uipg]i Zvujng Tluiuiuiuhjuiliri 
Chnphmq'np pnmpp.h Zmjng Up2mmLup. Imp mmpp.li, 

Chnphmq'np pnmpjih Zmjlimlimh pmtimlih limqdmt[npdmli 21 mdjmqji qmtqmqgnLpjmdp 
Cunphuiqnp pnmpjih Upgmhijmh qnjmdmpmji 25 uidjuibji qmtqmqgnLpjmdp: 

^hggh Upnpq]ihhp]i Zmjphhhp Zmjmummhp 

fl-nphpiri "bvuqtupjvuti 

robert(5)armeniantheory . com 
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Subject: 



Utq Unuigtinpiuiuf t Zuiirpnii Zuijuiuuiuiup Stupulruiuri 



( Puig Xjuniuili ) 

01 Uwpwp2013p., Inu Uhphinu, UUh 

Zurjuiuuiuitip ZmUpmiqhuinipjuiti Zuipqhip X^uifuuiquih Utpd Uuipqujuiti, 

ITbup (tu iil Jill npqp.li) 2unphmi]npnLiI blip 3bp huulnqp.^ hmqpuiuuuip Obuipijuipp. 18-p. puuipnLp]nLutibpp.u, 
npp.U ilblip phuiplpb ^tpup Iq^mulpubniif: SuiulpuunLu" blip 3bq pui<? uinnqpnLpjiiLU U Ipipnij hui<?nqiiLp]uiu"p 
p.puiqnpbbpiL uiulpiiuiuip ifuuiguib pnpip vuqquijp.li fcpuiqpbpp uiuiuihrnj 2,ui]uiuuiuiu]i uuibqbiluiu huiifuip: 

Fu" npqjili Zuijlip uiunuJ t np «qbiqh uiupuhnij 2,ui]uiuuiuiu» Ipupquikmup 2uiui pji^ t U puui Zui]I]]i ilbp 
IpupquiHmup upbuip t jpuh «1biqh Zuiqpnq Zui]uiuuiuili», npp. uuibqbiluiu huuluip uipdb uiujpb^li upujpuipbp 

Uhui uijqiqp.up. «2,uiqpnq Zui]uiuuiuiU» niubuuipiL mbupoilpiiup. huuluip tut bu uiuulpiiui ui2]uuiuib^ Jnui 45 
uiuipji, npupbu uiqquijhu ifuihuiupiipui dmuiijnpuupiiu U uihui uijdil t^uijq upiupuipjiu t ifjiuigb^ pu" npqjili: 

Zuiqpnq Zuijuiuuiuiu ilblip Ipupnq blip nitibtiuq hbuiUjuq Ijbpuj upiiuibpuiqilp. duiiluiuuu] muqifuuputi 
hui^nqmpjiiLUubpniL pub; Hnuquiq duuJuiUuil] JbUp Ipupnq blip uijli niUbliui^ qhuiuil] uib hui<?nqni_p]ni_uubpnij: 

lunupp Jbp uuibqbuib «2,ui]lpnlputi Sbuni_p]ni_ti» qhuiuupiiu u^Hiuiuinipjuiu Juiup.li t, npp Ipupnq t nqUnpb^Zui] 
bp|iuiuiuuipqlibp]i ifh nq<? ubpniliq U iiqb^ upuitig qbiqh qjiuiuupiiti uiubpuuupujbjh u]upuitiptibp]i: 

Zuipqbjp. "buiKiuiquih qnpbp. ippnippiup pbpuqpnLiJ t pu<i, np pqbu" 3bp puitui dmJuitiuuip. ilp. iluiup U uUbnbiJ 
3bp nL2uiqpnLp]iiLlip mnmu<luuihuiuini_l] IpupUnpnippiu nUibgnq hbuiujuqhuiuquufuiupp. ipuu: 

Sbuuilputi Jbjiqplpuu uiifpnq<? U^HiuiphiiLu" U ]i u~uiuuuiipip]i Zuijuiuuiuiunul quitiipii_il 1 2mui Kinpp 
umngmlpiippub ijp^uiqnuf U bpp duuihuiipp ququijp ni uumni_]gp uibqhg l]2uipdijp 2uiui ndijuip t uiubp 
Sbuuilputi !]>pq]iquiu pUuiIjnKib^t hmihnuiuipuuni_p]uiu U Kiun|uip]i dp Imp quipui2P2uiu: 

bpb dbp «2,ui]lpnlpuu PuiUuilp bpqp. db<? uiuipii_d t np. «UbpU t ljiuhpii. uiju Imp huiquipuid]uupi», uiuiui uijli 
oqjig quipii ifbq, ui]^puig]i muqduupuu hui<?nqni_p]ni_uubp]ig, uijli Ipuuiuipijbpii. t uuiU qhmmmbpuhliuupuu 
hbqui2P2duufp Imp uibuuilpnti quiquiipuipubp]i iluipiluuignulnij: Spqpqurjp dbg qui huiuqpuuiuuipii_ t if bp 
uuibqbuib «Zui]l]uil[uili Sbunipjintiw-p U ijbp^: 

Zuipqbjp. "buiKiuiquih, «Up.ui^uup Q-njbpp. Zuipuipbpuiljuili Cuipdituili Sbumpjiuli - Uquiui CuipdnuJ» hnqijuibp 
huiUqp.uuilinLi[ t iibp hhifUuipuip «Zui]l[uil[uili Sbunip]iiLli» ui2KiuiuinLp]uili ilhuiju Jbb; bbpuipuidjilip: Uju 
bbpuipuidp-lip umuiu<luuigubpii[ hhitliuiljuili ui2]uuiuinLp]iiLlip.g U i[bpuiKuJpuiqpbpii| npupbu uinuili(i]ili 

a 

JibplinLpiiLjli hnqijuib, Ublip lnQipbghUp uijli ifbp Cni2p.]i uiquiuiuiqpifuiu 20 uufjuiljjili (puijg n \[ ]nJuiguii[): 

Ubp hnqi[uibp b;gi|uib t uiju Uuufuiljjili ljuiif T^nip Ipupnq bp uijti ijbpglib^ UuiU uijuuibqhg. 
http://www.armeniantheory.com/atfiles/arm odm/pdf/arm odm book.pdf 
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Umu<?hti huquigpp.g tibq Uuiutiuiqp.uiuiquiti U uitulbq vjbptiuiqpnq^ Jbp hnqq\ubp, ppuiquitini_u" p.p ilbg 
iquipni_tiuiqni_il t jui]liuibuii[ui^qhuiuiuitplihliuil[uili muuiqtiquiitibp]i ubpifbp U huiqpni_p]uiti uiquititibp: 

IXbtip huii]uiuini_u~ blip np uitiquiu" ilbq hnqvjuibp quipnq t lpu]b]i qbp quiuivujih^ U pnguii|\unh^ Zvujng qp.uini_p]uiti 
puihp, p.ti^iqbu tiuiU hmibgubi^mnguiquiiuib uibuuiquiti !bpqp.quiti unlpnq<? U^HiuiphnLiI: ITbp uqu hnqvhnbp U 
ilbp qnqu"p.g upuuipuiuuiq'nq iljnui hnqvhnbtibpp quipnq bti quiuiuiph^ hhlig uqq quqbh qbpp: 

IXbtip huii[uiuini_u~ blip quqpp Zuqquiquiti Up2uqni_]up.ti U puqunqbu hun]uiuini_il htip np bppnpq huiquipuiifjuiqp 
ip.tibpii_ t Zuq quiquiti, Jiti^iqbu tiuiU ifhtip huii|uiuini_il htip np bpqpbpp tmppg t ip.tibpii_ 2,uq quiquiti: 

ITbtip huiq\uuini_u" blip tiuiU np qp.uini_p]uiti v[bpuibtim_tiqp pnqpngbpii. t Zuquiuuiuiti - Upguqu U^JuuiphnuI U 
Zuquiuuiuitip tinpp.g qumtiuqni. t ^2 C H 1 ] 1U1 qhuini_p]ni_titibpp. quipquigiluiti qbtiuipnti ni_ U2]uuiphp. uibuuipuiti 
qSpqplpiutibp]i hunluip nLkiuiuiuibqh: 

IXbtip hunhuuini_il htip np Zuijuiuuiuitip qumtiuqni. t huiu~ui2]uuiphui]]iti puiquipuiqppni_p]uiti i]hpuibuuq]i U 
u~uipqqni_p]uiti qipqni_p]uiti uiuiuputi: 

Ubtip hunhnuini_u" btip np Zuijuiuuiuitip tinpp.g qqumtiui UpUiInunpti nL UpUbipp U Zjnuqiuti nL Zuipun|p hpuip 
quiupiq ChpunJJi (luitiuiupuphp, uitiuibuuiquiti U puiquipuiquiti uinnLiiUhpnij: 

fci_ i|bp2nnqhu ilbtip hunhuuinul htip np Zuquiuuiuitip qqumtiui lljiguiuuiquijjiti pmqmpuiqppni_p]ni_titibp]i 
ipnJuhuipuiphpnLpjuiti qbtiuipntip fcpqp.p llnpipuiqp. ipiui: 

Uhtip hunhuuini_u" btip... 

Uju hnqvjuibp unquiqpi|hpiLg hhuin, ilbtip hni_]u nLtihtip, np Zuquiuuiuitih TLbuini_p]uiti hni[muuiijnpni_p]uiti 
2tinph]n| htiuipunpip Iphtip. 2,ui]uiuuiuitim_il hpuiuiuipuiqb^ «2,ui]quiquiti Sbuni_p]ni_ti» hhiltiuipuip 
ui2]uuiuinLp]nLtip uiiIpnqpnLpjuiiIp ^ uiuippbp ibqni_tibpnq\ h ipuinu ilbp Upnpqp.tibpp. Sbqh U Upnpqp.tibpp. 
Uppuiquiti Zuqpbtipp Zuquiuuiuitip.: Zuijng gbquimquitini_p]uiti 100 uuljuiqp. qunquiqgni_p]uiu~p qui Iphtip. ilbp 
uiu~btiuiuiqqbgp.q iquiuiuiukiuitip Zuijng gbquiuiquitini_p]ni_titibpp. upoimvlp.puiuini_tibp]iti, bpuiqpuiv]npnqtibpp.ti, 
]ipuiqnpbnqtibpp.ti U uitiuiuipphp U,2luuiphp.ti: 

lui ^Ijjiuh £uijng Zuipgh Zuijng TlmmuiuKiutip 

Zuipqbip. "buijuuiquih, ilbq uitiquiu" Uu pni_]L uiijtp 2tinphuii|npt^ 3bp huiqpuitiuiqp U hun|uiuuip.uigtit^ 3bq, np p. 
hb<Sni_qu Jhp uiqqh tibppp.ti U uipuiuipjiti p2tiuulp.tibpp., tfbtip (tu nL Jivf npqp.li) iIp/jui ip.tibpii_ blip 3bp qnqpp.li U 
tiupuuuibpu. blip 3bp pnpip 2u1l1pbpp.l1 huiqpnq Zuijuiuuiuiti qbpuibpiL hunJuip: 

Ctinphuiv[npnuJ btip 3bq U pnpipjiti Zuijng Up2uipiLu]i tinp uiuipjiti, 

Ctinphuiv[npnuJ btip 3bq U pnpipjiti Zuijquiquiti puitiuiqji quiqUuii[npiJuiti 21 unJ]uiq]i quiuiuiqgnLpjuiiJp 
ntinphun[npm_il btip 3bq U pnpipp.ti UpguiKijuiti qnjuiiJuipuip. 25 unJjuiqp. quiuiuiqgnLpjuiiJp: 

^bggb Upnpqp.tibpp. Zuijpbtihp Zuijuiuuiuitip 

Jl-nptpin !>uiquipjuiti 

robert(5)armeniantheory.com 
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<<-eGGuiquiuimpjiuGGtippg pjiuuimlitipu iIpuijG ilhti rauiGuiiqumh bui. 
^uaQh]^ n^jiG^, 

Upfiumnmbi 



Puijg iJhGp niQhguiGp pui^uilpuG UppmpjiuG iluipiniuhpuii|tip Ghinhrni «PuipdjujplhppQ» 
U uiupugnighpu QpujQg ilhp U.pnpqpQhhpp ghqp qhpuitpujnLpjniGp: 



«Pnpip fi2iJiupinnLpjniQQhpli pQqniQmiJp uiQgGnuJ t hhinUjuiL hphp ipmpjpnij: 
UnujgpQ ipm^ uipduiGuiGnuJ t hunJpGqhuiGmp &uirrpuiGp]i, 
bpqpnpq ipm^ huiGqpiqmil t dnp^qpQ pGqqJiiJnipjuiG, 

bppnpq ipm^ uijG pGrpuG^nuJ t npiqhu pQpQpuinpQpjuiQ uiqQhuijin ipuiuui:» 

Uppmp CnufhGhuimbp, Q-bpiSiuGuigp piSuiuiniuuhp, 1788-1860 



■<ujpquipduiG pGphpgnp, n"°p ipnipiiil hp ^mp uijdiJ quiGipiuJ: 



ISBN 978-1-4675-6080-1 
<uijl)uiliui(i »J.tipui£>GnLGii <piuinuipuiliynpjnLG 
http://www.armeniantheory.com 



UhGp <uii|uiinniil bQp 



UhQp hiuijujinnnJ hQp, np uaQqunJ i5hl| hnqq^ui&p 
Ipupnq t liuij&p qhp Ipiunuiptq U pnguiq^untq 4uijng qpinmpjiuQ juihp: 
llju hnipliu&p U dhp IjnipJpg iquiinpuminipiq ujmu hnqq^u&Qhpp 
quipnq hQ quunuiptq hhQg uijq quij&h qhpp: 

UhQp huiipiiuiniil hQp quq]ip <uijquiquiQ Up2uqmjupQ 
U huiq'ujinniil hQp np hppnpq huiquipuiujuiqp iJiQhpu t <uijquitpuQ: 

UhQp huiq'ujinniil hQp np <iujuiuiniuQ-Upgujfu U.2fuujphp quinQuqni t 
Qnp qpinuiquiQ huijinQuiqnp&mpjniQQhpp qhQinpnQ 
U U.2tuuiphp qpinQuiquiQQhpp huuJuip nifuinuunhnji: 

UhQp hui^uunniu hQp np <uijuiuinuiQp quinQuipii t 
hunJuJ2tuujphuijpQ piuqujpuiqppnipjuiQ ijhpuj&QQqp 
U iJuipqqnipjuiQ qipqnipjuiQ inuuquiQp: 

UhQp huu|uunniiJ hQp np <uijuiuuiuiQp Qnppg qquinQui 
UphuniuipQ ni Uphtqpp U ^jmuJiuQ ni <iuipuiilp ppuip quuqnq 
ChpunJp fiuiQuiiquiphp (mQmhuuiquiQ U puiquipuiquiQ uinmiJQhpnil): 

UhQp huu|uunniiJ hQp Quih np ^uijuiuinuiQp qquinQui 
rippmuuiquijpQ puiquipuiqppnipjniQQhpp qmpihuipuiphpnipjuiQ qhQinpnQp 
bpqpp unpipuiqp qpui: 

UhQp huiihiunniu' hQp... 



Uju hnqi[ui&p inujuiqpq^hpiig hhinn, ilhQp hmju niQhQp, np •iuijuiuinuiQh iqhinnipjuiQ hni[uiQuu[npnipjujQ 
2Qnphp4, hQuipuiq^ip IjiJiQp ^uijujuinuiQniil hpuiinuipuiqtq «<uijquiquiQ ShumpjmQ» ui2]uuiinnipjniQp 
uiu'pnqjnipjuiu'p, p q^iuinu dhp UpnpqpQhpp Shqji h UpnpqpQhpp UppuiquiQ <uijphQpp <uijuiuinuiQp: Ujq 
qJiinuiquiQ ua2[uuauinipjujQ iniquiqpmpjniQp IpJiQp lihp unJhQuiuiqqhgpq iquiinuiufuuiQp ->uijng 
ghquiuiquiQnipjniQQhpp iquiinilppuiinniQhppQ, &puiqpuu[npnqQhppQ, ppuiqnp&nqQhppQ h uiQinuipphp U2fuiuphpQ: 

'lui UjJiQp <uijng <uipgp <uijng 'HxuinuiupiuiQp 



khggh' -iuijquiquiQ Q-puimpjuiQ '-Ihpui&QmQqp 
khggh' UpnpqpQhpp <uijphQpp <uijuiuinuiQp 



